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probably involved, via their regulation connections, in the 
development and processing of, in particular, chronic pain. 



A regulation has already been detected for a number of 
5 known genes in various pain models (see table 1), thus, for 
example, for neurotransmitters (substance P, CGRP) , 
receptors (substance P receptor, p-, k-, 8-opiate 
receptors, NMDA receptor) and transcription factors (cJun, 
JunB, cFos or Krox24). The fact that the receptors 

10 mentioned are already used as molecular targets for the 
development of new analgesics (Dickenson, 1995) gives a 
clear indication that the identification of new pain- 
regulated genes is also of great interest for the 
development of analgesics, in particular for appropriate 

15 screening methods. The central idea here is to interrupt 
the development or persistence of pain, in particular of a 
chronic nature, by influencing the function of those 
proteins which are formed to an increased or decreased 
extent in states of pain. 
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Table 1: Regulation of known genes/gene products in pain 
animal models 
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5 Following from this, the primary object of the invention 
was to develop a screening method for identification of 
substances relevant in pain, in particular pain-regulating 
substances. The invention therefore relates to a method 
for detecting pain-regulating substances with the following 
10 method steps: 



(a) incubation under suitable conditions of a 

substance to be tested with the protein BNPI or 
DNPI and/or a protein according to one of figures 

15 lb) , Id) , If) , 2b) , or 2d) and/or a protein which 

is similar to one of these abovementioned 
proteins to the extent of at least 90% and/or a 
protein for which a polynucleotide according to 
one of figures la) , lc) , le) , 2a) , or 2c) or a 

20 polynucleotide which is similar thereto to the 

extent of at least 90% codes, and/or a protein 
which is coded by a nucleic acid which bind under 
stringent conditions to a polynucleotide 
according to one of figures la), lc) , le) , 2a), 



or 2c) or antisense polynucleotides thereof, or a 
part protein of one of the abovementioned 
proteins which is at least 10, preferably at 
least 15, in particular at least 20 amino acids 
long and/or a cell and/or a preparation from such 
a cell which has synthesized at least one of the 
abovementioned proteins and part proteins, 
(b) measurement of the binding of the test substance 
to the protein or part protein synthesized by the 
cell or measurement of at least one of the 
functional parameters modified by the binding of 
the test substance to the protein or part 
protein . 



This novel screening method is based on the fact that a 
potential pain activity of a substance can be detected via 
its interaction with a pain-regulated protein structure, 
BNPI or DNPI or related structures. 



The term pain-regulating here relates to a potential 
regulating influence on the physiological pain event, in 
particular to an analgesic action. The term substance 
includes any compound suitable as a medicament active 
compound, in particular, that is to say, low molecular 
weight active compounds, but also others, such as nucleic 
acids, fats, sugars, peptides or proteins, such as 
antibodies . 



Incubation under suitable conditions is to be understood 
here as meaning that the substance to be investigated can 
react with the cell or the corresponding preparation in an 
aqueous medium a defined time before the measurement. The 
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aqueous medium can be temperature-controlled here, for 
example between 4°C and 40°C, preferably at room 
temperature or at 37°C. The incubation time can be varied 
between a few seconds and several hours, depending on the 
interaction of the substance with the part protein or 
protein. However, times of between 1 min and 60 min are 
preferred. The aqueous medium can comprise suitable salts 
and/or buffer systems, so that, for example, a pH of 
between 6 and 8, preferably pH 7.0 - 7.5, prevails in the 
medium during the incubation. Suitable substances, such as 
coenzymes, nutrients etc., can furthermore be added to the 
medium. The suitable conditions can easily be specified by 
the expert as a function of the interaction to be 
investigated of the substance with the part protein or 
protein on the basis of his experience, the literature or a 
few simple preliminary experiments in order to obtain the 
clearest possible measurement value in the method. 



A cell which has synthesized a particular part protein or 
protein is a cell which has already expressed this part 
protein or protein endogenously or one which has been 
modified by genetic engineering such that it expresses this 
part protein or protein and accordingly contains the part 
protein or protein before the start of the method according 
to the invention. The cells can be cells of possibly 
immortalized cell lines or can be native cells originating 
from tissues and isolated from these, the cell union 
usually being broken down. The preparation from these 
cells comprises, in particular, homogenates from the cells, 
the cytosol, a membrane fraction of the cells with membrane 
fragments, a suspension of isolated cell organelles etc. 



The proteins and part proteins listed here have been 
identified in the context of this invention as regulated by 
pain or distributed in a pain-relevant manner by inducing 
pain in an animal and, after an appropriate period of time, 
5 comparing the expression pattern of the animal with that of 
a control animal without pain-inducing measures by sections 
in the spinal cord. Those found here as modified in 
expression are BNPI and, in particular in respect of pain- 
relevant distribution, DNPI . 

10 

The species from which these proteins originate is 
irrelevant for the functioning of the method, but it is 
preferable to use the human, mouse or rat variants. BNPI 
and DNPI are known in respect of the coding DNA sequence 

15 and the amino acid sequence and are also described in their 
general function. BNPI, the "brain Na + dependent inorganic 
phosphate cotransporter " , is described in WO 96/34288 and 
DNPI, the "differentiation-associated Na+ dependent 
inorganic phosphate cotransporter", has been described by 

20 Aihara et al . (2000) in J. Neurochem. 74, 2622-2625. 

However, neither of these transporters has hitherto been 
connected with pain and, in particular, pain regulation in 
the prior art. Since the identification of the proteins 
took place here via a modification of the expression or via 

25 the expression distribution in an in vivo pain model, for 
future medicaments using these proteins the screening 
method according to the invention derived therefrom has the 
considerable advantage not only of being built up on 
theoretical considerations • but presumably of having a 

30 strong in vivo relevance. Since with this method the 

interaction of substances with proteins and peptides not 
hitherto used in the pain sector is rendered possible as a 



standard for detecting pain-regulating substances, pain- 
relevant substances which would not have emerged in the 
methods known hitherto in the prior art using other 
peptides or proteins are now possibly to be detected with 
this method. This is also a considerable advantage of the 
new method according to the invention. 

The standard via which the method allows the detection of 
interesting substances is either the binding to the protein 
or part protein, which can be detected e.g.- by displacement 
of a known ligand or the extent of the substance bound, or 
the modification of a functional parameter due to the 
interaction of the substance with the part protein or 
protein. This interaction can lie, in particular, in a 
regulation, inhibition and/or activation of receptors, ion 
channels and/or enzymes, and modified functional parameters 
can be, for example, the gene expression, the ionic medium, 
the pH or the membrane potential, or the modification of 
the enzyme activity or the concentration of the 2nd 
messenger . 

To explain the invention, in addition to the explanations 
given for terms in the general text, further definitions 
are given below in order to clarify how certain terms used 
in the claims in particular are to be understood and 
interpreted in the context of this invention. 

Substance : By this is meant a chemical compound. In 
the narrower sense, these are compounds which can 
potentially display an action in the body, low 
molecular weight active compounds, nucleic acids, fats, 



sugars, peptides or proteins, low molecular weight 
active compounds in particular here. 



Pa in- regulating : In the context of the invention, pain 
regulating means that the substance directly or 
indirectly influences the perception of pain, in 
particular has a natural analgesic action. 



Pain : In the context of the invention, pain means in 
particular a pain sensation, more precisely acute, 
chronic, neuropathic and inflammatory pain, including 
migraine, and in particular the pain belongs to the 
following types : 



chronic pain, in particular musculoskeletal pain 
neuropathic pain, in particular allodynic pain, 
mechanical hyperalgesia or diabetic neuropathy; 
visceral pain, cerebral pain, peripheral pain or 
inflammation-related pain, in particular 
peripheral inflammation pain; and migraine, 
cluster headache or pain with trigeminus 
neuralgia . 



Incubation : Incubation is to be understood as meaning 
the procedure in which a biological object for 
investigation, for example a cell or a protein, is 
introduced into and left in a temperature-controlled 
medium, such as in an incubating cabinet or on a water 
bath. Suitable conditions here means incubation under 
physiological conditions (e.g. 37°C pH 7.2) or under 
conditions under which an optimum measurement in the 
method is possible. 
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Cell : The cell is a self -regulating, open system which 
is in a flow equilibrium with its environment by 
permanent exchange of matter and has its own metabolism 
and ability to multiply. The cell can be cultured 
separately or can be part of a tissue, in particular 
from an organ, and can exist there individually or also 
in the cell union. 



Preparation from a cell : This is understood as meaning 
preparations which are prepared by means of chemical, 
biological, mechanical or physical methods with a 
change in the cell structure, for example membrane 
fragments, isolated cell compartments, isolated 
cytosol, or homogenate obtained from tissue. 

Peptide: Compound of amino acids linked to chains via 
peptide bonds. An oligopeptide consists of between 2 
and 9 amino acids and a polypeptide of between 10 and 
100 amino acids. 



Protein : Compound of more than 100 amino acids linked 
to chains via peptide bonds, under certain 
circumstances with a defined spatial structure. 



Part protein : Compound of more than 10 amino acids 
linked to chains via peptide bonds, under certain 
circumstances with a defined spatial structure, but cut 
out or selected from a defined protein. A part protein 
can be a peptide. 



PIM1- kinase: PIM3- kinase : A proto-oncogene and a 
serine-threonine kinase . 



Polynucleotide : The underlying nucleotide is in 
principle a base unit of nucleic acids which consists 
of nuclein base, pentose and phosphoric acid. This 
corresponds to a high molecular weight polynucleotide 
of several nucleotides linked to one another via 
phosphoric acid-pentose esterif ication . However, this 
invention also includes modified polynucleotides, which 
indeed retain the base sequence but have a modified 
backbone instead of phosphoric acid-pentose. 

Similar to the extent of at least 90 (95, 97)% : This is 
to be understood as meaning that in their coding region 
the polynucleotides referred to are at least 90% (95%, 
97%) identical to the reference (figure etc.) with 
respect to the base sequence, and in their primary 
structure, the sequence of amino acids, the peptides 
and proteins referred to are identical to the extent of 
at least 90% (95%, 97%) to the reference. 



Gene: The term gene describes a genome section with a 
defined nucleotide sequence which contains the 
information for synthesis of an m- or pre-mRNA or 
another RNA (e.g. tRNA, rRNA, snRNA etc). It consists 
of coding and non-coding sections. 

Gene fragment: Nucleic acid section which comprises a 
part region of a gene in its base sequence. 
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Binding to the peptide, part protein or protein : 
Interaction between substance and peptide, part protein 
or protein which leads to fixing. 



5 - Functional parameters : This is understood as meaning 

measurement parameters of an experiment which correlate 
with the function of a protein (ion channel, receptor, 
enzyme) . 



10 - Manipulated by genetic engineering: Manipulation of 

cells, tissues or organisms such that genetic material 
is introduced here. 



Expressed endogenous ly : Expression of a protein which 
15 shows a cell line under suitable culture conditions 

without this corresponding protein having been prompted 
to expression by manipulation by genetic engineering. 

G protein: Internationally conventional abbreviation 
20 for a guanosine triphosphate (GTP) -binding protein 

which is activated as a signal protein by receptors 
coupled to G protein. 



Reporter gene: General term for genes of which the gene 
25 products can be detected easily with the aid of simple 

biochemical methods or histochemical methods, such as 
e.g. luciferase, alkaline phosphatase or green 
fluorescent protein (GFP) . 

30 - (Recombinant) DNA construct: General term for any type 
of DNA molecules which have formed by in vitro linking 
of DNA molecules. 



Cloning vector: General te 
which serve as carriers of 
these genes during cloning 



rm for 
f orei 



nucleic 
gn genes 



acid molecules 
or parts of 



Expression vector : Term for specially constructed 
cloning vectors which, after introduction into a 
suitable host cell, allow transcription and translation 
of the foreign gene cloned into the vector. 



LTR sequence : Abbreviation for long terminal repeat. 
General term for longer sequence regions which are to 
be found at both ends of a linear genome. Such 
sequence regions occur e.g. in the genomes of 
retroviruses and at the ends of eukaryotic transposons . 

Poly A tail: The adenyl radicals attached at the 3' end 
of messenger RNA by polyadenylation (approx. 20-250) . 

Promoter sequence : Term for a DNA sequence region from 
where the transcription of a gene, i.e. the synthesis 
of the mRNA, is controlled. 

0R1 sequence : Abbreviation for origin of replication. 
The ORI sequence allows a DNA molecule to multiply as 
an autonomous unit in the cell. 

Enhancer sequence : Term for relatively short, genetic 
elements, which in some case occur as repetitions and 
which as a rule enhance the expression of some genes to 
a varying degree. 
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Transcription factor : Term for a protein which 
influences the transcription of a gene via binding to 
specific DNA sequences. 

5 - Culturing : Keeping cells or tissue under suitable 
culture conditions . 



Conditions which allow expression: By this is 
understood the choice and use of culture conditions 
10 which allow expression of the protein of interest, 

which include change in temperature, change of medium, 
addition of inducing substances, omission of inhibiting 
substances . 



15 - Incubation time: Duration of time for which cells or 
tissue are incubated, i.e. exposed to a defined 
temperature . 



Selection pressure : Applications of culture conditions 
20 which provide cells which have a particular gene 

product, the so-called selection marker, with a growth 
advantage . 



Amphibia cell: Cell from an animal of the Amphibia 
25 class. 



Bacteria cell: Cell which is to be assigned to the 
superkingdom of Eubacteria or Archaebacteria or 
originates from it. 

30 



Yeast cell: Cell which is to be assigned to the order 
of the Endomycetales or originates from it. 



Insect cell : Cell which is to be assigned to the order 
of the Hexapoda or originates from it. 

Native mammalian cell: Cell originating from a mammal 
which corresponds in its relevant features to the cell 
present in the organism. 

Immortalized mammalian cell: Cell which has acquired, 
by the culture conditions applied or manipulation by 
genetic engineering, the property of dividing in the 
culture beyond the usual conventional frequency of 
division (approx. 100). 

Labelled : Rendered accessible to a detection reaction 
by appropriate modification or derivatization . For 
example radioactively , f luorescently or luminescently . 

Ligand : Substance which binds to a molecule present in 
the body or a cell, specifically a receptor. 

Displacement : Complete or partial removal of a ligand 
from its binding site. 

Bound activity: Biochemically or physically recorded 
measurement value which correlates with the amount of 
ligand bound to a receptor. 



Regulation : The inhibition or activation of a process 
which has taken place as part of a regulating process. 
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Inhibition : Inhibition/reduction of a process as a 
special case of regulation. 

Activation : Intensification of a process as a special 
case of regulation. 

Receptors : In the broadest sense, all the molecules 
present in the pro- or eukaryotic organism which can 
bind to an active compound. In the narrower sense, 
membrane-bound proteins or complexes of several 
proteins which cause a change in the cell by binding an 
active compound. 

Ion channels: Membrane-bound proteins or complexes of 
several proteins by which cations or anions can pass 
through the membrane. 

Enzymes : Term for proteins or complexes of an 
activating non-protein component with a protein which 
has catalytic properties. 

Gene expression (express/expressible) : The translation 
of the genetic information of a gene into RNA (RNA 
expression) or into protein (protein expression). 

Ionic medium: Ion concentration of one or more ions in 
a particular compartment. 

Membrane potential : Potential difference over a 
membrane on the basis of an excess of cations on one 
side and anions on the other side of the membrane. 
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Change in enzyme activity: Inhibition or induction of 
the catalytic activity of an enzyme. 

2nd messenger : Small molecule which, as a response to 
5 an extracellular signal, either is formed in the 

cytosol or migrates into the cytosol and thereby helps 
to transmit information to the inside of the cell, such 
as, for example, cAMP, IP3- 

10 - (Gene) probe : Term for any type of nucleic acids with 
the aid of which a gene sought or a particular DNA 
sequence can be detected. By derivatization of the 
gene probe (e.g. biotin, magnetic beads, digoxinin) , 
DNA molecules can furthermore be drawn out of a 

15 mixture. Cloned genes, gene fragments, chemically 

synthesized oligonucleotides and also RNA, which is 
usually radioactively labelled, are used as probes. 

DNA : International term for deoxyribonucleic acid. 

20 

Genomic DNA: General term for the DNA originating from 
the cell nucleus of a cell in eukaryotic organisms. 

cDNA: Abbreviation for complementary DNA. Term for the 
25 single- or double-stranded DNA copy of an RNA molecule. 

cDNA bank/library: Term for a collection of arbitrarily 
cloned cDNA fragments which, taken together, represent 
the entirety of all the RNA synthesized by a cell or a 
tissue . 



cDNA clone: Term for a population of genetically 
uniform cells which are derived from a single cell such 
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that this cell contains an artificially introduced cDNA 
fragment . 



Hybridization : Formation, effected by base pairing, of 
a double-stranded nucleic acid molecule from two 
separate single strands. 



Stringent conditions : Conditions under which only 
perfectly base-paired nucleic acid strands are formed 
and remain stable. 



Isolate : To discover and separate off a molecule sought 
from a mixture. 



DNA sequencing: Determination of the sequence of from 
bases in a DNA molecule. 



Nucleic acid sequence: Term for the primary structure 
of a DNA molecule, i.e. the sequence of the individual 
bases from which a DNA is composed. 



Gene -specif ic oligonucleotide primer : Oligonucleic 
acids, that is to say nucleic acid fragments 10-40 
bases long, which, in their base composition, allow a 
stringent hybridization to the gene sought or the cDNA 
sought . 

Determination of oligonucleotide primers: The manual or 
computer-assisted search for oligonucleotides for a 
given DNA sequence which are of optimum suitability for 
a hybridization and/or a polymerase chain reaction. 



PCR: Abbreviation for polymerase chain reaction. In 
vitro process for selective concentration of nucleic 
acid regions of defined length and defined sequence 
from a mixture of nucleic acid molecules. 



DNA template: Nucleic acid molecule or a mixture of 
nucleic acid molecules from which a DNA section is 
multiplied with the aid of the PCR (see above) . 



RNA: Internationally common abbreviation for 
ribonucleic acids . 



mRNA: Internationally common 
ribonucleic acids which are 
genetic information from th 
contain information for the 
or a protein. 



abbreviation for messenger 
involved in transfer of the 

nucleus into the cell and 
synthesis of a polypeptide 



Antisense polynucleotide : A molecule comprising several 
natural or modified nucleic acids, the base sequence of 
which is complementary to the base sequence of a part 
region of an RNA which occurs in nature. 



PNA : Internationally common abbreviation for peptidic 
nucleic acids. Peptidically linked amino acids form a 
chain here, the amino acids carrying as a side chain a 
base which is capable of hybridization with DNA or RNA. 



Sequence : Sequence of nucleotides or amino acids, 
the specific context of this invention, this means 
nucleic acid sequence. 



In 
the 
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Ribozyme : Term for a catalytically active ribonucleic 
acid (e.g. ligase, endonuclease , polymerase, 
exonuclease ) . 

DNA enzyme: Term for a DNA molecule which contains 
catalytic activity (e.g. ligase, endonuclease, 
polymerase, exonuclease) . 

Catalytic RNA/DNA : General term for ribozymes or DNA 
enzymes (see above) . 

Adenovirus : Cytopathogenic virus which occurs in 
vertebrates . 

Adeno-associated virus (AAV) : Belongs to the family of 
Parvoviruses. For effective multiplication of AAV, 
co-infection of the host cells with helper viruses 
(e.g. herpes, vaccinia or adeno-viruses) is necessary. 
The property of AAV of integrating into the host genome 
in a stable manner makes it of particular interest as a 
transduction vector for mammalian cells. 

Herpes virus : Viral pathogen of herpes infection 
Post-translational modification : Modification to 
proteins or polypeptides carried out after translation, 
which includes e.g. phosphorylation, glycosylation , 
amidation, acetylation or proteolysis. 

Glycosylate : Term for the appending of individual sugar 
molecules or whole sugar chains on to proteins. 



Phosphorylate : Term for the appending of one or more 
phosphate radicals on to a protein, preferably on to 
the OH groups of the amino acids serine, threonine or 
tyrosine . 

Amidate : The term for conversion of a carboxyl function 
into an amide function, e.g. on the carboxy-terminal 
amino acid radical of a peptide or protein. 

Provided with a membrane anchor: Pos t- trans la tional 
modification of a protein or of another organic 
molecule such that, by appending a hydrophobic 
molecule, suitably a fatty acid or a derivative 
thereof, it is anchored to the lipid double-layer 
membrane of cells. 

Cleave : In this specific case cleavage of a peptide or 
protein into several sub-sequences . 

Shorten : Shortening of a molecule consisting of several 
individual parts by one or more parts. 

Antibodies : Proteins, called immunoglobulins, which are 
soluble or bound to cell membranes and have a specific 
binding site for antigens. 

Monoclonal antibodies : These are antibodies which have 
an extremely high selectivity and are directed against 
a single antigenic determinant of an antigen. 

Polyclonal antibodies : Mixture of antibodies directed 
against several determinants of an antigen. 
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Transgenic : Genetically modified. 



Non-human mammal : The entirety of mammals (class of 
5 Mammalia) with the exception of the human species. 



Germ cell: Cell with a haploid genome which, by fusion 
with a second germ cell, renders possible the formation 
of a new organism. 

10 

Somatic cell: Diploid cell as a constituent of an 
organism. 

Chromosomal introduction : Intervention in the 
15 nucleotide sequence at the chromosomal level. 

Genome : General description of the entirety of all the 
genes in an organism. 



20 - Ancestor of the animal: An animal (the ancestor) which 
is related in a direct line with another animal (the 
descendant) in a natural or artificial manner by 
passing on at its genetic material. 



25 - Expressible : A nucleic acid molecule is expressible if 
it contains the information for synthesis of a protein 
or polypeptide and is provided with appropriate 
regulatory sequences which allow synthesis of this 
protein or polypeptide in vitro or in vivo. If these 

30 prerequisites no longer exist, for example by 

intervention into the coding sequence, the nucleic acid 
molecule is no longer expressible. 



Rodent : Animal from the order of the Rodentia, e.g. rat 
or mouse . 



Substance identifiable as pain-regulating: Substance 
which, when introduced into a living organism, causes a 
change in behaviour which the expert calls pain- 
inhibiting (antinociceptive, antihyperalgesic or 
antiallodynic) . In the case of the screening method, 
this relates to the fact that, during screening, the 
substance significantly, for example by 100%, exceeds 
the binding or interaction of the average substances 
tested due to stronger binding or inducement of a 
modification in a functional parameter. 

Compound : Another name for a molecule consisting of 
several atoms, in this case a molecule identified by 
the method according to the invention. 

Active compound: A compound which, when used on an 
organism, causes a change in this organism. In 
particular, by this is understood molecules synthesized 
by organic chemistry which have a healing action on the 
organism. Here in particular molecules which bind to 
the proteins and peptides according to the invention. 

Low molecular weight: Molecule with a molecule weight 
of < 2 kDa. 

Medicament : A substance corresponding to the definition 
in article 1 §2 of the Act on Circulation of Medical 
Preparations . 
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Diagnostic agent: Compound or method which can be used 
to diagnose a disease. 

5 - Treatment of pain : Method with the aim of alleviating 
or eliminating pain or inhibiting the expected 
occurrence of pain (pre-emptive analgesia) . 

Chronic pain : A pain sensation of longer-lasting 
10 duration, often characterized in that it increases the 

pain sensitivity of the body beyond the point in time 
and location of the initial stimulus. 

Gene therapy : Gene therapy is understood as meaning all 
15 methods which have the aim of causal treatment of 

genetic diseases by suitable modifications to the 
genome . 

In vivo gene therapy: Introduction of genetic material 
20 into the living organism with the aim of gene therapy. 

A distinction can be made between somatic and germ path 
intervention, which takes place in one instance on 
diploid cells and in the other instance on haploid 
cells . 

25 

In vitro gene therapy: Introduction of genetic material 
into cells outside the human body with the aim of 
subsequently using these again for gene therapy by 
introduction into the human body. 

30 

Diagnostics : Methods for identifying a disease. 
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Investigation of activity: Investigation with the aim 
of investigating the activity of a compound after 
acting on a living organism. 

In a preferred embodiment of the method, the cell is 
manipulated by genetic engineering before step (a) . In 
this procedure, genetic material is introduced into the 
cell, in particular one or more polynucleotide sequences. 
In a variant of this embodiment which is furthermore 
preferred, the manipulation by genetic engineering allows 
the measurement of at least one of the functional 
parameters modified by the test substance. In this 
embodiment, prerequisites under which the modification of a 
functional parameter can be measured at all or in an 
improved manner are created by manipulation by genetic 
engineering. It is particularly preferable here for a form 
of a G protein which is not expressed endogenously in the 
cell to be expressed or a reporter gene to be introduced by 
the manipulation by genetic engineering. This is to be 
understood, in particular, as meaning the introduction into 
the cell, by genetic engineering, of a G protein (GTP- 
binding protein) which is not present endogenously or is 
not expressed physiologically, for example the introduction 
of a chimaeric G protein which allows a modification of the 
signal path or of a promiscuous G protein which binds v very 
readily. The introduction of a reporter gene in turn 
allows the measurement of an (extracellularly triggered) 
induced expression of the gene product. 

In a further preferred embodiment, the cell is manipulated 
by genetic engineering such that the cell contains at least 
one polynucleotide according to one of figures la) , lc) , 
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le) , 2a) , or 2c) or a polynucleotide which is similar 
thereto to the extent of at least 90%. The achievement of 
this can be, for example, that a part protein or protein 
which is not expressed endogenously in the cell or 
preparation used in the method is synthesized by the cell. 
It is particularly preferable here for the polynucleotide 
to be contained in a recombinant DNA construct. A 
(recombinant) DNA construct is understood as meaning a DNA 
molecule prepared in vitro. 



If the cell is manipulated by genetic engineering before 
step a) in the method, it is preferable for the cell to be 
cultured, after the manipulation by genetic engineering and 
before step a) , under conditions which allow an expression, 
optionally under selection pressure. Culturing is 
understood as meaning keeping cells or tissue under 
conditions which ensure survival of the cells or their 
subsequent generation. The conditions should be chosen 
here such that an expression of the material inserted by 
the manipulation by genetic engineering is rendered 
possible. For this, the pH, oxygen content and temperature 
should be kept at the physiological values and sufficient 
nutrients and necessary cofactors should be added. The 
selection pressure allows only the cells in which the 
manipulation by genetic engineering was at least partly 
successful to be cultured further. This includes, for 
example, introduction of an antibiotic resistance via the 
DNA construct. 



It is particularly preferable in the method according to 
the invention for the cell used to be an amphibia cell, 
bacterial cell, yeast cell, insect cell or an immortalized 
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or native mammalian cell. Examples for amphibia cells are 
Xenopus oocytes, for bacteria cells E. coli cells, for 
yeast cells those also Saccharomyces cerevisiae, for insect 
cells Sf9 cells, for immortalized mammalian cells HeLa 
5 cells and for native mammalian cells the CHO (Chinese 
hamster ovary) cell. 



In a preferred measurement method for determination of the 
binding of the substance to part protein or protein in the 

10 method according to the invention, the measurement of the 
binding is carried out via the displacement of a known 
labelled ligand of the part protein or protein and/or via 
the activity bound thereto from a labelled test substance. 
A ligand here is a molecule which binds to the protein^ or 

15 part protein with a high specificity and is displaced from 
the binding site by a substance to be tested which also 
binds. Labelling is to be understood as meaning an 
artificial modification to the molecule which facilitates 
detection. Examples are radioactive, fluorescent or 

20 luminescent labelling. 

In another preferred measurement method for determination 
of the modification of the functional parameter induced by 
the binding of the substance to the part protein or protein 

25 in the method according to the invention, measurement of at 
least one of the functional parameters modified by the test 
substance is carried out via measurement of the regulation, 
inhibition and/or activation of receptors, ion channels 
and/or enzymes, in particular via measurement of the 

30 modification in gene expression, the ionic medium, the pH 
or the membrane potential, via the modification in the 
enzyme activity or the concentration of the 2nd messenger. 
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This includes on the one hand measurement of the action of 
the substance directly via influencing of receptors, ion 
channels and/or enzymes, and on the other hand, as examples 
which are preferably to be measured, measurement of 
parameters which are modified, such as gene expression, 
ionic medium, pH, membrane potential, enzyme activity or 
concentration of the 2nd messenger. Ionic medium is 
understood here as meaning, in particular, the 
concentration of one or more ions in a cell compartment, in 
particular the cytosol, membrane potential is understood 
here as meaning the charge difference between two sides of 
a biomembrane, and 2nd messenger is understood here as 
meaning messenger substances of the intracellular signal 
path, such as e.g. cyclic AMP (cAMP) , inosotol triphosphate 
(IP3) or diacylglycerol (DAG) . 



This method includes the us 
particular proteins with a 
without a function in pain 
prior art. 



e of part proteins and in 
known sequence and function, 
being known for these in the 



A method according to the invention which is furthermore 
preferred is that wherein the pain regulated by the 
substance to be detected is chosen from: 



chronic pain, in particular musculoskeletal pain; 
neuropathic pain, in particular allodynic pain, 
mechanical hyperalgesia or diabetic neuropathy; 
visceral pain, cerebral pain, peripheral pain or 
inflammation-related pain, in particular peripheral 
inflammation pain; and migraine, cluster headache or 
pain with trigeminus neuralgia. 
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The invention also provides a compound which is 
identifiable as a pain-regulating substance by a method 
according to the invention. Compound here relates in 
5 particular to low molecular weight active compounds, and 

also to peptides, proteins and nucleic acids. Identifiable 
here means that the compound has the feature that in the 
screening method according to the invention it binds 
significantly more strongly in respect of the binding, 

10 preferably twice as strongly, as the average of the 

substances to be tested or deviates significantly from the 
average of the substances to be tested in respect of the 
modification of the functional parameters. It is 
particularly preferable for the compound according to the 

15 invention to be a low molecular weight compound. 

The invention also relates to the use of 



a . 



a polynucleotide, preferably a DNA or RNA, which 
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codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to the 
extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one of 
the nucleotide sequences shown in figures la) , 1c) , 
le) , 2a) , 2c) or 2e) , 

a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme or 
ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding specifically to 
one of the polynucleotides listed under point a) , 



25 



b. 



30 
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c. a vector containing a polynucleotide according to 
one of points a) or b) , in particular an expression 
vector and/or in particular derived from a virus, 
for example the adenovirus, adeno-associated virus 

5 or herpes virus, and/or in particular containing at 

least one LTR, poly A, promoter and/or ORI sequence, 

d. BNPI or DNPI and/or a protein according to one of 
figures lb) , Id) , If) , 2b) or 2d) and/or a protein 
which is similar to one of these abovementioned 

10 proteins to the extent of at least 90% and/or a 

protein for which a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or a 
polynucleotide which is similar thereto to the 
extent of at least 90% codes, and/or a protein which 

15 is coded by a nucleic acid which binds under 

stringent conditions to a polynucleotide according 
to one of figures la), lc) , le), 2a) or 2c) or 
antisense polynucleotides thereof or a part protein 
of one of the abovementioned proteins which is at 

20 least 10, preferably at least 15, in particular at 

least 20 amino acids long, wherein the protein or 
part protein has been optionally post- 
translationally modified, in particular 
glycosylated, phosphorylated, ami da ted, methylated, 

25 acetylated, ADP-ribosylated, hydroxylated, provided 

with a membrane anchor, cleaved or shortened, 

e. an antibody, preferably a monoclonal or polyclonal 
antibody, against one of the proteins or part 
proteins according to point d) , 

30 f. a cell, preferably an amphibia cell, bacteria cell, 

yeast cell, insect cell or an immortalized or native 
mammalian cell, containing a polynucleotide 
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according to one of points a) or b) , a vector 
according to point c) , a protein or part protein 
according to point d) or an antibody according to 
point e) 

5 g. a compound according to one of claims 12 or 13 

and/or 

h. an active compound, preferably a low molecular 

weight active compound, which binds to a protein or 
part protein according to point a) , 
10 for the preparation of a medicament for treatment of pain. 



The use for treatment of chronic, in particular neuropathic 
or inflammation-related pain is particularly preferred. 



15 The invention also provides the use of 



a. a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to the 

20 extent of at least 90%, preferably 95%, in 

particular to the extent of at least 97%, to one of 
the nucleotide sequences shown in figures la) , lc) , 
le) , 2a) , 2c) or 2e) , 

b. a polynucleotide, in particular an antisense 

25 polynucleotide or a PNA, preferably a DNA enzyme or 

ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding specifically to 
one of the polynucleotides listed under point a) , 

30 c. a vector containing a polynucleotide according to 

one of points a) or b) , in particular an expression 
vector and/or in particular derived from a virus, 



for example the adenovirus, adeno-associated virus 
or herpes virus, and/or in particular containing at 
least one LTR, poly A, promoter and/or ORI sequence, 
f. a cell, preferably an amphibia cell, bacteria cell, 
yeast cell, insect cell or an immortalized or native 
mammalian cell, containing a polynucleotide 
according to one of points a) or b) or a vector 
according to point c) 

for the preparation of a medicament for use in gene 
therapy. It is particularly preferable here for the 
therapy to be in vivo or in vitro gene therapy. Gene 
therapy is understood as meaning a therapy form in which an 
effector gene, usually a protein, is expressed by 
introduction of nucleic acids into cells. A distinction is 
made in principle between in vivo and in vitro methods. In 
the case of in vitro methods, cells are removed from the 
organism and transfected ex vivo with vectors, in order to 
be subsequently introduced again into the same or into 
another organism. In the case of in vivo gene therapy, 
vectors, for example for combating tumours, are 
administered systemically (e.g. via the blood stream) or 
directly into the target tissue (e.g. into a tumour). It 
is furthermore preferable for the medicament furthermore to 
be a medicament for treatment of pain. 

In the use in gene therapy, the use of a polynucleotide 
which is an antisense polynucleotide or PNA, or which is 
part of a ribozyme or other DNA enzyme or of a catalytic 
RNA or DNA is also preferred. 



The invention also furthermore provides the use of 



a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to the 
extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one of 
the nucleotide sequences shown in figures la), lc) , 
le) , 2a) , 2c) or 2e) , 

a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme or 
ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding specifically to 
one of the polynucleotides listed under point a) , 
a vector containing a polynucleotide according to 
one of points a) or b) , in particular an expression 
vector and/or in particular derived from a virus, 
for example the adenovirus, adeno-associated virus 
or herpes virus, and/or in particular containing at 
least one LTR, poly A, promoter and/or ORI sequence, 
BNPI or DNPI and/or a protein according to one of 
figures lb) , Id) , If) , 2b) or 2d) and/or a protein 
which is similar to one of these abovementioned 
proteins to the extent of at least 90% and/or a 
protein for which a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or a 
polynucleotide which is similar thereto to the 
extent of at least 90% codes, and/or a protein which 
is coded by a nucleic acid which binds under 
stringent conditions to a polynucleotide according 
to one of figures la) , lc) , le) , 2a) or 2c) or 
antisense polynucleotides thereof or a part protein 
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of one of the abovement ioned proteins which is at 
least 10, preferably at least 15, in particular at 
least 20 amino acids long, wherein the protein or 
part protein has been optionally post- 
5 translationally modified, in particular 

glycosylated, phosphorylated, amidated, methylated, 
acetyl a ted, ADP-ribosylated, hydroxylated, provided 
with a membrane anchor, cleaved or shortened, 

e. an antibody, preferably a monoclonal or polyclonal 
10 antibody, against one of the proteins or part 

proteins according to point d) , 

f. a cell, preferably an amphibia cell, bacteria cell, 
yeast cell, insect cell or an immortalized or native 
mammalian cell, containing a polynucleotide 

15 according to one of points a) or b) , a vector 

according to point c) , a protein or part protein 
according to point d) or an antibody according to 
point e) 

g. a compound according to one of claims 12 or 13 
20 and/or 

h. an active compound, preferably a low molecular 
weight active compound, which binds to a protein or 
part protein according to point a), 

25 for the preparation of a diagnostic agent for diagnosis of 
a pain state. Diagnostics is understood here as meaning 
the analysis of symptoms assigned to a disease syndrome, 
and investigations of activity are understood as meaning 
investigations of the activity of substances to be tested, 

30 in particular their medicinal activity. 
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The invention furthermore also provides a process for the 
preparation of a peptide or protein according to the 
invention, in which a cell according to the invention which 
contains a polynucleotide according to the invention and/or 
5 a vector according to the invention is cultured and the 
peptide or protein is optionally isolated. 

The invention also provides the use of 

10 a. a polynucleotide, preferably a DNA or RNA, which 

codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to the 
extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one of 

15 the nucleotide sequences shown in figures la) , lc) , 

le) , 2a) , 2c) or 2e) , 

b. a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme or 
ribozyme, a ribozyme or other DNA enzyme or a 

20 catalytic RNA or DNA, which has a nucleotide 

sequence which is capable of binding specifically to 
one of the polynucleotides listed under point a) , 

c. a vector containing a polynucleotide according to 
one of points a) or b) , in particular an expression 

25 vector and/or in particular derived from a virus, 

for example the adenovirus, adeno-associated virus 
or herpes virus, and/or in particular containing at 
least one LTR, poly A, promoter and/or ORI sequence, 

d. BNPI or DNPI and/or a protein according to one of 
30 figures lb) , Id) , If) , 2b) or 2d) and/or a protein 

which is similar to one of these abovementioned 
proteins to the extent of at least 90% and/or a 
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protein for which a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or a 
polynucleotide which is similar thereto to the 
extent of at least 90% codes, and/or a protein which 
5 is coded by a nucleic acid which binds under 

stringent conditions to a polynucleotide according 
to one of figures la), lc) , le), 2a) or 2c) or 
antisense polynucleotides thereof or a part protein 
of one of the abovementioned proteins which is at 

10 least 10, preferably at least 15, in particular at 

least 20 amino acids long, wherein the protein or 
part protein has been optionally post- 
translationally modified, in particular 
glycosylated, phosphor y la ted, ami da ted, methylated, 

15 acetylated, ADP-ribosylated, hydroxylated, provided 

with a membrane anchor, cleaved or shortened, 
e. an antibody, preferably a monoclonal or polyclonal 
antibody, against one of the proteins or part 
proteins according to point d) , 

20 f. a cell, preferably an amphibia cell, bacteria cell, 

yeast cell, insect cell or an immortalized or native 
mammalian cell, containing a polynucleotide 
according to one of points a) or b) , a vector 
according to point c) , a protein or part protein 

25 according to point d) or an antibody according to 

point e) 

in a method for detecting pain-regulating substances. 



30 



Generally, it is preferable for all the abovementioned uses 
according to the invention for the pain to be chosen from 
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chronic pain, in particular musculoskeletal pain; 
neuropathic pain, in particular allodynic pain, 
mechanical hyperalgesia or diabetic neuropathy; 
visceral pain, cerebral pain, peripheral pain or 
5 inflammation-related pain, in particular peripheral 

inflammation pain; and migraine, cluster headache or 
pain with trigeminus neuralgia. 

The polynucleotide used according to the invention also 

10 includes the gene fragments described themselves, as well 
as a polynucleotide which corresponds either completely or 
at least in parts to the coding sequence of the gene 
corresponding to the fragment. This also means 
polynucleotides which have at least 90%, preferably 95%, in 

15 particular at least 97% agreement in the base sequence with 
the coding sequence of the polynucleotides shown or the 
coding sequence of the gene. It is furthermore preferable 
for the polynucleotide to be RNA or single- or double- 
stranded DNA, in particular mRNA or cDNA. It is also 

20 preferable for the polynucleotide to be an antisense 

polynucleotide or PNA which has a sequence which is capable 
of binding specifically to a polynucleotide according to 
the invention. PNA is understood here as meaning "peptidic 
nucleic acid", which indeed carries the base pairs but the 

25 backbone of which is bound peptidically . An antisense 

polynucleotide shows the complementary base sequence to at 
least a part of a base nucleic acid. It is also preferable 
for the polynucleotide to be part of a ribozyme or other 
DNA enzyme or of a catalytic RNA or DNA. Ribozyme is to be 

30 understood as meaning a catalyt ically active ribonucleic 
acid, and DNA enzyme is to be understood as meaning a 
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corresponding deoxyribonucleic acid, that is to say 
catalytic RNA or DNA. 

The vector used according to the invention is understood as 
meaning a nucleic acid molecule which serves to contain or 
transfer foreign genes in manipulation by genetic 
engineering. It is particularly preferable here for the 
vector to be an expression vector. It therefore serves for 
expression of the foreign gene contained therein, the 
polynucleotide. Such a vector which is derived from a 
virus, for example the adenovirus, adeno-associated virus 
or herpes virus, and/or it contains at least one LTR, poly 
A, promoter and/or ORI sequence is furthermore preferred. 
An LTR is a "long terminal repeat", a section at the end, 
for example in viruses. Poly A sequence is a tail more 
than 20 adenosine radicals long. A promoter sequence is 
the control region for the transcription. 

For a protein used or a part protein derived therefrom, it 
is preferable for this to have been post-translationally 
modified, for it to have been, in particular, glycosylated, 
phosphorylated, amidated, methylated, acetylated, ADP- 
ribosylated, hydroxylated, provided with a membrane anchor, 
cleaved or shortened. Post-translational modifications can 
be found, for example, in Voet/Voet, Biochemistry, 1st 
Edition, 1990, p. 935-938. 

For a use according to the invention, it is particularly 
preferable here for the polynucleotide (optionally 
according to point a) and/or point b) ) to be an RNA or a 
single- or double-stranded DNA, in particular, mRNA or 
cDNA. 
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For a use according to the invention, it is particularly 
preferable here for the polynucleotide (optionally 
according to point b) ) to be part of a ribozyme or other 
5 DNA enzyme or of a catalytic RNA or DNA. 

For a use according to the invention, it is particularly 
preferable here for the vector (optionally according to 
point c) ) to be an expression vector. 

10 For a use according to the invention, it is furthermore 
particularly preferable here for the vector (optionally 
according to point c) ) to be derived from a virus, for 
example the adenovirus, adeno-associated virus or herpes 
virus, and/or to contain at least one LTR, poly A, promoter 

15 and/or ORI sequence. 

For a use according to the invention (not gene therapy) , it 
is particularly preferable here for the protein or part 
protein (optionally according to point d) ) to have been 
20 post-translationally modified, in particular to have been 
glycosylated, phosphor y la ted, ami da ted, methylated, 
acetylated, ADP-ribosylated, hydroxylated, provided with a 
membrane anchor, cleaved or shortened. 

25 For a use according to the invention (not gene therapy) , it 
is particularly preferable here for the antibody 
(optionally according to point e) ) to be a monoclonal or 
polyclonal antibody . 

30 For a use according to the invention, it is particularly 

preferable here for the cell (optionally according to point 
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f ) ) to be an amphibia cell, bacteria cell, yeast cell, 
insect cell or an immortalized or native mammalian cell. 

For a use according to the invention, it is particularly 
5 preferable here for the compound (optionally according to 
point g) ) to be a low molecular weight compound. 

For a use according to the invention, it is particularly 
preferable here for the active compound mentioned, 
10 according to point h) , to be a low molecular weight active 
compound . 

The invention also provides a process for pain treatment of 
a non-human mammal or human which or who requires treatment 
15 of pain, in particular chronic pain, by administration of a 
medicament according to the invention, in particular one 
comprising a substance according to the invention and/or an 
active compound which binds BNPI and/or DNPI . 

20 The administration can take place, for example, in the form 
of a medicament as described above. 

Overall, an important basis of the invention is the 
identification of pain-regulated genes and gene fragments. 
25 The screening method is based on this. However, the use 
for diagnosis or therapy is also available, as already 
stated. Appropriate possible uses and further embodiment 
examples are explained in the following. 

3 0 1. Therapy of chronic pain 

mRNA expression of kinases was investigated by in situ 
hybridization in spinal cord tissue. In the spinal cord, 



the primary sensory neurones project to subsequent central 
nervous neurones, these being, in addition to supraspinal 
processes, the central switching site for nociceptive 
information. Numerous experiments have shown that the 
5 development of chronic states of pain is based on plastic 
changes in the nervous system (as an overview see Corderre 
et al., 1993; Zimmermann and Herdegen, 1996). In the 
neurones of the dorsal root ganglia and spinal cord in 
particular, plastic changes which are accompanied by 

10 regulation of pain-relevant genes have been described. 

Gene regulation in the spinal cord has thus been described 
for a number of neurotransmitter receptors which are of 
importance for pain therapy (see table 1). On this basis, 
the cDNA sequences found which are regulated under pain 

15 could be used for therapy (gene therapy, antisense, 
ribozymes) and diagnosis of chronic states of pain. 

1.1 Antisense strategies 

Constructs which are derived from the nucleic acid sequence 
20 of the complete cDNA or from part regions and which can 
reduce the mRNA or protein concentration are established 
here. These can be e.g. antisense oligonucleotides (DNA or 
RNA) , which have an increased stability towards nucleases, 
possibly using modified nucleotide units (e.g. O-allyl- 
25 ribose) . Furthermore, the use of ribozymes, which, as 
enzymatically active RNA molecules, catalyse a specific 
cleavage of the RNA, is conceivable. In addition, vectors 
which express the sequences according to the invention or 
part regions of these nucleotide sequences under control of 
30 a suitable promoter and are therefore suitable for an in 

vivo or ex vivo therapy could also be employed. Antisense 
constructs which, under exchange of the phosphate backbone 
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of nucleotide sequences (e.g. PNAs, i.e. peptide nucleic 
acid) or by using non-traditional bases, such as inosines, 
queosines or wybutosines, as well as acetyl-, methyl-, 
thio- and similarly modified forms of adenine, cytidine, 
5 guanosine u, thymidine and uridine, cannot be degraded or 
can be degraded to a relatively low degree by endogenous 
nucleases are additionally also possible. 

1.2. Antagonists/agonists or inhibitors/activators of the 
10 gene products according to the invention used in the 

screening method. 

This includes substances which, by binding to the gene 
product, modify the function thereof. These can be: 

1.2.1. Organic chemical molecules which are found in the 
15 context of an active compound screening using the gene 

products of the cDNA according to the invention as binding 
partners . 

1.2.2. Antibodies, whether polyclonal, chimaeric, single- 
chain, Fab fragments or fragments from phage banks, which 

20 preferably specifically influence the function as 

neutralizing antibodies via binding to the gene products. 

1.2.3. Aptamers, i.e. nucleic acids or nucleic acid 
derivatives with protein-binding properties. These also 
include so-called mirror-mers, which are mirror-image and 

25 therefore stable oligonucleotides obtained by mirror 
evolution and can bind a target molecule with a high 
affinity and high specificity (Klufimann et al . , 1996). 

1.3. Gene therapy 

30 The sequences described can be employed for therapy of 
neurological diseases, in particular chronic states of 
pain, by using them, after cloning into suitable vectors 
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(e.g. adenovirus vectors or adeno-associated virus 
vectors), for in vivo or ex vivo therapy in order there 
e.g. to counteract an over-expression or under-expression 
of the endogenous gene product, to correct the sequence of 
5 the defective gene product (e.g. by trans-splicing with the 
exogenous construct) or to provide a functional gene 
product . 

2 . Diagnosis 

10 

Polynucleotide sequences (oligonucleotides, antisense DNA & 
RNA molecules, PNAs) which are derived from the nucleotide 
sequences used in the screening method etc. could be 
employed for diagnosis of states or diseases associated 

15 with an expression of these gene sequences. Examples of 
these states or diseases include neurological diseases, 
including chronic pain or neuropathic pain (caused e.g. by 
diabetes, cancer or AIDS), or neurodegenerative diseases, 
such as Alzheimer's, Parkinson's, Huntington's Chorea, 

20 Jacob-Creut zf eld ' s , amyotrophic lateral sclerosis and 

dementias. The nucleotide sequences can serve in diverse 
ways (northe rn blot, southern blot, FISH analysis, PRINS 
analysis, PCR) either for identification of the gene 
product or deviating diagnostically relevant gene products 

25 or for quantification of the gene product. In addition to 
nucleic acid diagnostics, antibodies or aptamers against 
the protein coded by the nucleic acids according to the 
invention can also be employed for diagnostics (e.g. by 
means of ELISA, RIA, immunocytochemical or 

30 immunohistochemical methods) in order to identify the 
protein or deviating forms and to quantify the protein. 
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In respect of gene diagnostics, nucleic acid probes derived 
from the nucleotide sequences according to the invention 
could be employed for determination of the gene locus (e.g. 
by FISH, FACS, artificial chromosomes, such as YACs, BACs 
5 or PI constructs) . 



The following examples and figures are intended to 
illustrate the invention without limiting it thereto. 

Figures and examples 

10 

Figures : 



Fig. la) cDNA sequence of BNPI, human; AN: NM_020309 
Fig. lb) Amino acid sequence of PIMl-kinase, human; AN: 
15 NM__020309 

Fig. lc) cDNA sequence of BNPI, human; no.: AAT42064 from 
W096/34288 

Fig. Id) Amino acid sequence of BNPI, human; no.: AAT42064 
from W096/34288 
20 Fig. le) cDNA sequence of BNPI, rat; AN: U07609 

Fig. If) Amino acid sequence of BNPI, rat; AN: U07609 
Fig. 2a) cDNA sequence of DNPI, human; AN: AB032435 
Fig.. 2b) Amino acid sequence of DNPI, human; AN: AB032435 
Fig. 2c) cDNA sequence of DNPI, rat; AN: AF271235 
25 Fig. 2d) Amino acid sequence of DNPI, rat; AN: AF271235 
Fig. 3) Separation of radioact i vely labelled RFDD-PCR 
fragments in a 6% denaturing PAA gel (see 
example 1) 

Fig. 4) Upwards regulation of DNPI and BNPI protein 
30 expression in primary sensory rat DRG neurones 

and fibres after collagen-induced arthritis, (see 
example 2) 
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Fig. 5) Differential expression of DNPI and BNPI in 

synapses of pain conduction and motor areas of 
the lumbar spinal cord of the rat (see 
example 3a) 

5 Fig. 6) Differential expression of DNPI and BNPI in 

synapses of the dorsal horn pain conduction areas 
of the lumbar spinal cord of the rat (see 
example 3b) 

Fig. 7) Differential expression of DNPI and BNPI in 
10 synapses of pain conduction of the sacral spinal 

cord of the rat (see example 3c) 
Fig. 8) Differential expression of DNPI and BNPI in 

synapses of medullo-cervicospinal pain conduction 

of the trigeminal nerve of the rat (see 
15 example 3d) 

Fig. 9) Differential expression of DNPI and BNPI in 

pain-relevant brain regions of the rat (see 

example 3e) 

Fig. 10) Differential expression of DNPI and BNPI in pain- 
20 relevant brain regions of the rat (see example 

3f ) 

Fig. 11) Differential expression of DNPI and BNPI in 
pain-relevant brain regions of the rat (see 
example 3g) 

25 Fig. 12) Differential expression of DNPI and BNPI in 
pain-relevant brain regions of the rat (see 
example 3h) 



48 

Examples : 

Example 1: Identification of pain-regulated genes by means 
of RFDD-PCR 

5 

A) Procedure 

The following procedure was chosen: 

CFA-induced arthritis in the rat in which complete Freund's 
10 adjuvant is injected into the tail root was chosen as the 
starting point for isolation of pain-regulated genes. The 
target tissue in which the pain-regulated expression of the 
genes according to the invention was detected was the 
dorsal root ganglia of the fifth lumbar segment. Four 
15 methods are available for isolation of differentially 
regulated genes: 

• cDNA-RDA ( cDNA-representational difference analysis; 
Hubank & Schatz, 1994) 

20 

• DDRT-PCR (differential display RT-PCR; Liang & Pardee 
1992, Bauer et al., 1994), There have since been improved 
modifications of this, such as the so-called "restriction 
fragment differential display PCR" (RFDD-PCR) , which allows 

25 a more reproducible reaction by additional restriction 

fragmenting of the cDNA in combination with an optimized 
PCR amplification and furthermore detects fragments to an 
increased extent in the coding region (Ivanova et al . , 
1995) . 

30 

• Subtractive hybridization (Watson & Margulies, 1993) 



49 



• SAGE (serial analysis of gene expression, Velculescu et 
al. , 1995) . 



A comparative evaluation of the methods mentioned led to 
5 selection of RFDD-PCR, since in contrast to subtractive 

hybridization and SAGE, this method is capable of detecting 
both upwards- and downwards-regulated genes and also rare 
transcripts and moreover provides an abundance of results 
within short periods of time . 

10 

B) MATERIAL AND METHODS 



Isolation and characterization of pain-regulated cDNA 
sequences 

15 

Animal model: CFA-induced polyarthritis 

Adjuvant arthritis (AA) is an induced form of (sub) chronic 
arthritis. It is induced by immunizing rats with a 

20 suspension of mycobacteria in oil. The disease thereby 
induced is an autoimmune arthritis which is mediated by 
T cells and which - since, however, no defined autoantigen 
is employed during the induction - corresponds to an 
arthritis which occurs spontaneously in humans. AA is 

25 often used for investigations of immunological aspects of 
rheumatoid arthritis. Furthermore, the model is used for 
testing antiinflammatory and analgesic substances. AA is a 
fairly aggressive form of arthritis. The inflammation 
process of AA is indeed self-healing, but severe joint 

30 changes nevertheless persist. The severity of the disease 
can be quantified by drawing up an arthritis index. All 
four paws are inspected here for redness, swelling and 
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deformation of the joints. The course of the disease can 
furthermore be characterized more closely via determination 
of the body weight and of the paw swelling by means of 
plethysmography and by histological examinations of the 
5 joints. 

The arthritis is induced by intracutaneous injection of CFA 
(100 |al of the 5 mg/ml stock solution) into the tail root 
(dorsal) . The severity of the arthritis is determined with 
the aid of a scoring index by daily observation of the 

10 animals for mobility, reddening of the skin and swellings 
of the tarsal and carpal joint. The onset of visible 
inflammations of the tarsal or carpal joint starts on about 
day 10 after immunization. The severity of the disease 
increases over a period of 10-14 days, reaches an optimum 

15 which is maintained for about 6-7 days, to then subside 

again. If rats were immunized only with I FA, no arthritis 
was induced . 



Removal of tissue. The animal are decapitated and the 
20 dorsal root ganglia are removed after lubalectomy and 
immediately frozen in liquid nitrogen. 

RNA isolation. The total RNA was isolated from the 
tissue samples with the Trizol Kit (Life Technologies) in 
25 accordance with the manufacturer's instructions. The RNA 
was quantified by UV spectrometry (extinction at 260 nm) 
and checked for integrity by denaturing gel electrophoresis 
in a f ormaldehyde-agarose gel (Sambrook et al., 1989). 
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DNase digestion. Before use in the DDRT-PCR, any 
traces of genomic DNA are removed by DNase digestion. In 
this, in each case 6 |j.g RNA were incubated in a total 
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volume of 100 |al in IX First-Strand Buffer (Life Techn.) 
and 10 units of RNase-free DNasel (Boehringer Mannheim) for 
15 minutes at 37°c. After phenol/chloroform extraction, 
the RNA was precipitated by addition of 1/10 vol. sodium 
5 acetate pH 5.2 and 2.5 vol. ethanol, dissolved in DEPC 

water, quantified by UV spectrometry and characterized by 
renewed f ormaldehyde-agarose gel electrophoresis. 

Reverse transcription. In each case 1 jag of DNasel- 
10 digested RNA were subjected to reverse transcription with 
the aid of the displayProf ile Kit (Display Systems Biotech, 
Vista, USA) in accordance with the manufacturer's 
instructions and double-stranded cDNA was produced. After 
purification of the cDNA by phenol /chloroform extraction 
15 and ethanol precipitation, the efficiency of the cDNA 
synthesis was detected by gel electrophoresis in a 1.5% 
agarose gel. 

Taql restriction digestion. In each case 10 ]il of the 
double-stranded cDNA were digested with the restriction 
20 enzyme Taql. This was also carried out with the aid of the 
displayProf ile Kit (Display Systems Biotech, Vista, USA) in 
accordance with the manufacturer's instructions. Starting 
from this batch, adapters are ligated to the digested cDNA. 

25 33 P end labelling reaction. For subsequent detection of 

the fragments, one of the two primers (so-called 
O-extension primers) was radioactively labelled by an end 
labelling reaction with T4 polynucleotide kinase and 
[y 33 P]ATP. This was also carried out with the aid of the 

30 displayProf ile Kit (Display Systems Biotech, Vista, USA) in 
accordance with the manufacturer's instructions. 
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PCR amplification of the cDNAs . After ligation, in 
each case 0.2 yil of the cDNA are amplified in parallel 
reaction batches with the labelled o-extension primer and 
one of the 64 Eu primers and the reaction batches are 
5 separated by electrophoresis in a 6% . Tris-taurine-EDTA- 

polyacrylamide gel. The gel was then dried for one hour at 
80°C and exposed overnight on a BASIII detection screen 
(Fuji). The STORM-Phosphorus Imager (Molecular Dynamics) 
using the ImageQuant software was used for the evaluation. 
10 The autoradiography data were printed on film in the same 
scale, which was then used for cutting out the fragments. 

Reamplif ication of the DDRT-PCR fragments . 

Differentially regulated PCR bands were cut out of the gel 
15 with a scalpel and eluted from the piece of gel by boiling 
for 15 minutes in 50 jj.1 Tris-EDTA buffer, were reamplified 
by PCR with the aid of the displayProf ile Kit (Display 
Systems Biotech, Vista, USA) in accordance with the 
manufacturer's instructions. The temperature profile 
20 corresponded to the original PCR reaction (see above) . 
10 (J.1 sample buffer (0.25% bromophenol blue, 0.25% 
xylenecyanol FF, 30% glycerol) then added to the PCR 
batches, separation carried out by gel electrophoresis in a 
3% TAE-agarose gel with 10 |Lig/ml ethidium bromide and PCR 
25 products of the expected size cut out of the gel. 

Cloning into TA cloning vectors. The fragments cut 
out were purified with the Qiaquick Gel Extraction Kit 
(Qiagen) in accordance with the manufacturer's 
30 instructions, concentrated to dryness and taken up in 5 jul 
doubly dist. water. They were then ligated into the pCRII- 
TOPO vector by means of the TOPO TA Cloning Kit 
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(Invitrogen) in accordance with the manufacturer's 
instructions and transformed in TOPIOF'-E. coli cells. The 
transformation batch was plated out on LB-agar plates with 
100 |Lig/ml ampicillin, which had been treated beforehand 
5 with 50 jal 2% X-Gal (Sigma) and 50 jil isopropyl 

thiogalactoside (Sigma) . The white bacteria clones 
obtained after incubation for 15 hours at 37°C were 
transferred into 5 ml LB liquid medium with 100 (ig/ml 
ampicillin (100 |ag/ml) and incubated overnight at 37°C, 

10 while shaking. Plasmid DNA was isolated from these 

cultures using the Qiagen Spin Miniprep Kit (Qiagen) in 
accordance with the manufacturer's instructions and in each 
case 5 \il of the plasmid DNA were characterized by EcoRI 
restriction digestion and subsequent TAE-agarose gel 

15 electrophoresis . 

Sequence analysis. In this, in each case 500 ng of the 
plasmid DNA were sequenced with the T7-PCR primer using the 
Dye Terminator Cycle Sequencing Kit ( Per kin-Elmer ) in 
20 accordance with the manufacturer's instructions and the 

reactions were analysed by means of the automatic sequencer 
ABI 370 (Applied Biosystems Inc.). The DNA sequences were 
compared with the gene libraries using bioSCOUT software 
(LION, Heidelberg) . 

25 

C) Result 

A corresponding autoradiogram is shown in figure 3. The 
autoradiogram shows the separation of PCR fragments which 
30 have formed by amplification of various cDNAs . The cDNAs 
were synthesized by reverse transcription from total RNA 
from L5 spinal ganglia. The total RNA was isolated from 
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control animals (-) and CFA-treated animals (+) . The 
fragment ab50-24 which, as shown by means of the RFDD 
method, has an upwards regulation is identified with an 
arrow. The fragment ab50-24 shows a highly significant 
5 homology to the cDNA sequence AC no. AAT42064 of hBNPI (see 
fig. lc) . It is therefore demonstrated that BNPI is 
expressed more intensively under the conditions of a CFA 
treatment . 



10 Example 2 

Identification of pain-regulated genes via 
immunocy tochemical s taining 

The following procedure was chosen: 

15 

The so-called CIA model ( collagen-induced arthritis) in 
the rat, in which colagen is injected in order to induce 
arthritis in the rat was chosen as the starting point for 
isolation of pain-regulated genes. 

20 

The procedure corresponded to the method described by 
Persson S., Schafer MK-H., Nohr D., Ekstrom G., Post C, 
Nyberg F . and Weihe E. (1994), Neuroscience 63; 313-326 and 
Nohr D., Schafer MK-H., Romeo H., Persson S., Nyberg F. 
25 Post C. and Weihe E . (1999), Neuroscience 93; 759-773, the 
disclosure of this article expressly being made part of the 
disclosure of the invention submitted here. 



Polyclonal rabbit antisera against the recombinant 
30 DNPI or BNPI fusion protein were used for the 

immunohistochemical staining. It was found in figure 4 
that the intensity of the DNPI and BNPI immunostaining in 
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the lumbar dorsal root ganglion of the arthritic rat (B and 
D/CIA) increased compared with the control animals (A and 
C/CTLR) . The increase both in the cell bodies and the 
fibre staining in B compared with A and in C compared with 
5 D is to be noted. 

Example 3 

Differential consideration of the expression between DNPI 
and BNPI via immunocytochemical staining 

10 

Polyclonal rabbit antisera against the recombinant DNPI and 
BNPI fusion protein were used for the immunohistochemical 
staining. Generally, sections of various regions of the 
CNS were prepared and the expression of DNPI was compared 
15 with that of BNPI. 

Example 3a on figure 5) 

The differential distribution of the immune reactivity of 
20 BNPI and DNPI in the lumbar spinal cord of the rat is to be 
seen. The adjacent deparaf inized sections A- to D are 
stained as follows: 

A = anti-DNPI; 

25 B = anti-DNPI preadsorbed with DNPI fusion protein; 

C = anti-BNPI; 

D = anti-BNPI preadsorbed with BNPI fusion protein; 

The DNPI (A) and BNPI (C) immunodyes tuf f s were completely 
30 preadsorbable with homologous recombinant BNPI (D) and 

BNPI (B) fusion protein, which proves the specificity of 
the immune reaction . 
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The mutually exclusive distribution pattern of DNPI and 
BNPI immunostaining in the outer and deep dorsal horn is 
remarkable. (A;C). Pointwise immunostaining of DNPI is in 
5 the synaptic endings of the outer dorsal horn (lamina 1 and 
substantia gelatinosaa) (arrow in A) , while BNPI immune 
reactivity is completely absent (arrows in B) . 
Accumulation of intense positive pointwise BNPI 
immunostaining exists in the deeper dorsal horn, while DNPI 

10 staining is relatively low. DNPI is present in the lateral 
spinal nucleus (LSN in A) , while BNPI is completely absent 
(LSN in C) . DNPI is abundant in the lamina X around the 
central canal, while BNPI is rare. BNPI immunostaining is 
weak in the lateral ventral horn and slight or absent in 

15 the medial ventral horn. Pointwise DNPI staining is 

abundant through the entire ventral horn, but somewhat less 
in the lateral horn compared with the medial ventral horn. 
There is a weak BNPI and DNPI staining in some cell bodies 
of the ventral horn motoneurone, but this was not 

20 preadsorbed by the homologous transport fusion proteins and 
was therefore classified as non-specific. 

Example 3b on figure 6) 

25 The differential distribution of the immune reactivity of 

BNPI and DNPI in the left lateral superficial dorsal lumbar 
spinal cord of the rat is to be seen. A and B, stained in 
each case for BNPI (A) and DNPI (B) , show many pointwise 
stains for DNPI, which are concentrated in the lamina I and 

30 substantia gelatinosa, where BNPI is almost completely 
absent. Dense complexes of DNPI-positive points are 
furthermore to be seen in the lateral spinal nucleus, where 



57 



BNPI is almost completely absent. Fine DNPI-positive 
points are also to be found in the deeper dorsal horn, 
although in a lower density. 

5 Example 3c on figure 7) 

The differential distribution of the immune reactivity of 
BNPI and DNPI in the sacral spinal cord of the rat is to be 
seen. The adjacent sections A and B, stained in each case 

10 for BNPI (A) and DNPI (B) , show mutual exclusion zones of 
pointwise DNPI and BNPI immunostaining in the dorsal horn. 
DNPI is present in the entire grey matter and is 
concentrated in the very outer layers of the dorsal horn, 
where a narrow band forms at the boundary to the white 

15 matter. DNPI is abundant in the lateral spinal nucleus and 
in the lamina X, and also in the lamina V/VI and in the 
entire ventral horn. BNPI is abundant in the deep dorsal 
horn and rare in the ventral horn. 

2 0 Example 3d on figure 8) 

The differential distribution of the immune reactivity of 
BNPI and DNPI in the lower medulla oblongate at the 
transition to the cervical spinal cord can be seen. The 

25 adjacent sections A and B, in each case stained for BNPI 

(A) and DNPI (B) , show a preferred accumulation of the BNPI 
staining in the medial part of the spinal trigeminal 
nucleus and in the middle and lower part of the dorsal 
medulla. only a very weak staining is to be seen with BNPI 

30 in the ventral medulla. DNPI is abundant in the grey 

matter of the medulla. DNPI staining overlaps with the 
BNPI staining in the inner spinal nucleus V. It is to be 
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noted that BNPI is also to be found in the upper spinal 
trigeminal nucleus, which is the same as the spinal 
substantia geloatinosa. DNPI staining is weaker in areas 
in which BNPI is present, weaker than in areas where BNPI 
5 is low or absent. A few BNPI points are to be seen in the 
ventral grey motor area. 

Example 3e on figure 9 ) 

10 Complementarily differential distribution of DNPI and BNPI 
immune reactivity in 2 consecutive sections of the rat 
brain in pain-relevant brain regions, such as the sensory 
parietal cortex; cingular cortex, thalamus, corpus 
amygdaloideum and also hypothalamus. DNPI is concentrated 

15 in the cortex in the granular sensory layers, in particular 
in lamina IV; BNPI is abundant in the cortex but weaker in 
lamina IV than in other laminae . In the cingular cortex (C 
vs D as a magnification) , the distribution of DNPI and BNPI 
is complementarily mutually exclusive or reciprocal in the 

20 density of the particular synapses. DNPI clearly 

predominates over BNPI in the thalamus, BNPI is sparse in 
the hypothalamus, DNPI abundant. Abundant BNPI 
predominates in the hypocampus over sparse DNPI with 
mutually complementary distribution. 

25 

Thalamus = Th, 
Amygdala = Amyg . 
30 Hippocampus = Hip, 



Cingular cortex = Cg, 
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Hypothalamus = Hy, 

Parietal cortex = PC. 
5 Example 3f on figure 10) 

Complementarily differential distribution of DNPI and BNPI 
immune reactivity in pain-relevant brain regions, such as 
the cingular cortex (Cg) and tectum and dorsal 
10 periaqueductal grey. DNPI dominance in the tectum and 

dorsal grey. Consecutive sections of a rat brain through 
the upper mesencephalon. 

Example 3g on figure 11) 

15 

Complementarily differential distribution of DNPI and BNPI 
immune reactivity in pain-relevant brain regions, such as 
the tectum (T) and periaqueductal grey (PAG) . DNPI 
dominance in the tectum and dorsal grey. Differential 
20 distribution of DNPI and BNPI in the corpus geniculatum 
mediale (cgm) of the auditory path is to be noted. 
Consecutive sections of a rat brain through the upper 
mesencephalon; colliculus superior plane. 

25 Example 3h on figure 12) 

Abundance of DNPI over BNPI in the habenulae (Hb) . DNPI is 
present in the entire habenular complex (low magnification, 
upper figure; high magnification, middle fig.). BNPI is 
30 only in the medial habenular core (mHb lower fig., 
consecutive section to the middle figure) . 
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Analysis of example 3 generally: 



The differential distribution of BNPI and DNPI in synapses 
of the primary afferent, spinal trigeminal and supraspinal 
nociceptive system is strong evidence of a selective 
inf luencability of nociceptive functions by selective 
modulation of the DNPI- or BNPI-mediated glutamate 
transport. The distribution of BNPI in the deep dorsal 
horn is an indication of a preferential role of BNPI in 
glutamate-driven neuropathic pain. 

The preferential distribution of DNPI in lamina 1 and the 
substantia gelatinosa of the spinal and trigeminal 
nociceptive system suggests a primary and preferential role 
of DNPI in inflammation pain. Since DNPI synapses also lie 
in the deeper dorsal horn, DNPI is- also a candidate in the 
case of neuropathic pain. 



BNPI is a preferential candi 
mechanical hyperalgesia with 
mediated Ap input converging 
projection neurones could be 
chronic deep musculoskeletal 
chronic pain. 

The presence in visceral sac 
indication in visceral pain. 



ate for allodynia and 
inflammation pain. Glutamate- 
on spinal nociceptive 
a substantial mechanical for 
pain, a main problem of 

al afferences points to an 



Trigeminal 
trigeminus 



af f erence : migraine, 
neuralgia . 



cluster headache, 
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Example 4 : 

Procedure for the screening method with measurement of the 
binding via the displacement of a radioactively labelled 
ligand 

5 

A nucleic acid section which codes for BNPI is cloned in an 
expression vector which allows a constitutive expression 
(e.g. CMV promoter) or an inducible expression in 
eukaryotic cells. The DNA is introduced with suitable 

10 transfection processes, e.g. with Lipof ectamin (Roche 

Diagnostics), into eukaryotic cells (e.g. CHO cells, HEK293 
cells or NIH-3T3 cells). The cells are cultured in the 
presence of a selection reagent (e.g. zeocin, hygromycin or 
neomycin) such that only the cells which have taken up the 

15 DNA construct and, during longer-lasting selection, also 
incorporated it into the genome survive. 

Starting from these cells, membrane fractions which contain 
BNPI in a large amount and can be used for a binding assay 
are obtained. This assay consists of 1.) the membranes 

20 containing BNPI, 2.) a radioactively labelled ligand, 3.) a 
binding buffer (e.g. 50 mM HEPES pH 7 . 4 , 1 mM EDTA) and the 
ligand to be investigated for binding. After incubation of 
the abovementioned reaction mixtures (for e.g. 30-60 min) 
at a suitable temperature (usually room temperature) , the 

25 non-bound radioactive ligand molecules are filtered off. 
The remaining amount of bound ligand is measured, after 
addition of a scintillation cocktail, in a p-counter (e.g. 
Trilux, Wallac) . If the test substance shows binding to 
the BMPI, this is detected as a reduced radioactive 

30 incorporation. This method is suitably miniaturized such 
that it can be carried out in (96-, 384- or 1,536-well) 
microtitre plates in order to carry out this method by 
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means of a robot in the so-called high troughput screening 
(HTS) method. 

Example 5 : 

5 Procedure for the screening method according to the 
invention with BNPI and measurement of the functional 
parameters modified by binding of the substance 

A nucleic acid section which codes for BNPI is cloned in an 

10 expression vector which allows an inducible expression in 
prokaryotes, such as e.g. E. coli. The nucleic acid 
section is modified here such that it is expressed as a 
fusion protein with an additional N- or C-terminal amino 
acid sequence. This sequence should allow, with a 

15 non-modified function of the BNPI , a purification via a 
specific method, e.g. glutathione S-transf erase fragment, 
which allows isolation from the protein mixture via binding 
to glutathione. After tfansfection of the bacteria, 
induction of the gene (e.g. with IPTG in the case of the 

20 lac promoter) and breaking down of the bacteria, the fusion 
proteins are purified and employed in an in vitro kinase 
experiment. In this, 5 |j,g protein are at 30°C for 30 
minutes in 50 |al kinase buffer (20 mM PIPES, pH 7.0, 5 mM 
MnCl2, 7 mM p-mercaptoethanol , 0.4 mM spermine, 10 mM rATP) 

25 supplemented with 10 jaCi [y 32 P] ATP. Purified histone HI 

protein (Sigma) or bacterially expressed GST-NFATcl fusion 
protein are added as substrates. After the incubation 
time, the non-incorporated [y- 32 P] ATP is filtered off and 
the amount of 32 phosphate incorporated is determined by p- 

30 scintillation (Trilux, Wallac) . In an experiment for 

discovering new BNPI inhibitors, the test substances are 
co-incubated in this batch and a decrease in the 32 P 



incorporation is used as an indicator for an inhibitor. 
This method is suitably miniaturized such that it can be 
carried out in (96-, 384- or 1,536-well) microtitre plates 
in order to carry out this method by means of a robot in 
5 the so-called high troughput screening (HTS) method. 

Example 6 : 

Procedure for the screening method according to the 
invention with DNPI and measurement of the functional 
10 parameters modified by binding of the substance 

The method is carried out as described in example 5, with 
the exception that instead of a nucleic acid section which 
codes for BNPI, a nucleic acid section which codes for DNPI 
15 was employed. 

Example 7 : 

Example of a medicament for pain treatment comprising a 
compound according to the invention - tablet formulation 

20 

Tablets can be prepared by direct pressing of mixtures of 
the compound according to the invention with corresponding 
auxiliary substances or by pressing granules containing the 
compound (with optionally further auxiliary substances). 
25 The granules can be prepared here either by moist 

granulation with e.g. aqueous granulating liquids and 
subsequent drying of these granules or by dry granulation, 
e.g. via compacting 
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Direct pressing 

e.g. per tablet: 25 mg compound according to the 

invention 
271 mg LudipressTM (granules for 
direct tablet making from 
lactose monohydrate, povidone 
K30 and crospovidone ) 
4 mg magnesium stearate 



10 



300 mg total 



c 



Prepare a homogeneous mixture of the active compound with 
the auxiliary substances and press this on a tablet press 
15 to give tablets with a 0 of 10 mm. 

■ Dry granulation 

e.g. per tablet: 25 mg compound according to the 
20 invention 

166 mg microcrystalline cellulose 
80 mg hydroxypropylcellulose with a 
low degree of substitution 
(I-HPC LH 11™) 

25 5 mg highly disperse silicon 

dioxide 
4 mg magnesium stearate 



30 



280 mg total 

Prepare a homogeneous mixture of the compound with the 
microcrystalline cellulose and the I-HPC and compact 



.1 
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this. After sieving of the compressed bodies, the 
granules formed are mixed with magnesium stearate and 
silicon dioxide and pressed on a tablet press to give 
tablets with a 0 of 9 mm. 

5 

Moist granulation 

e.g. per tablet: 25 mg compound according to the 

invention 

10 205 mg microcrystalline cellulose 

6 mg povidone K30 
10 mg crospovidone 
4 mg magnesium stearate 

15 250 mg total 

Prepare a homogeneous mixture of the compound with the 
microcrystalline cellulose and the crospovidone and 
granulate this with an aqueous solution of the 

20 povidone in a granulator. The moist granules are then 

after-granulated and, after drying, dried in a drying 
cabinet (50°C) for 10 h. The dry granules are sieved 
together with the magnesium stearate, finally mixed 
and pressed on a tablet press to give tablets with a 0 

25 of 8 mm. 

Example 8 : 

Example of a medicament for pain treatment comprising a 
compound according to the invention - parenteral solution 



30 



1 g of a compound according to the invention is dissolved 
in 1 1 water for injection purposes at room temperature and 
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the solution is then adjusted to isotonic conditions by 
addition of NaCl (sodium chloride). 



67 

Literature : 

Aihara Y, Mashima H. Onda H. Hisano Setsuji, Kasuya H., 
Hori T. Yamada S., Tomura H. Yamada Y., Inoue I., Kojima I. 
5 and Takeda J. (2000), J. Neurochem. 74:2622 - 2625 

Akopian AN, Sivilotti L & Wood JN (1995) Nature 379:257- 
262. 

10 Ausubel FM, Brent R, Kingdton RE, Moore DD, Seidman JG, 
Smith JA & Struhl K eds . (1190) Current protocols in 
molecular biology. John Wiley &Sons, Inc. New York, NY. 

Baba H, Doubell TP, Woolf CJ 1999: Peripheral inflammation 
15 facilitates A(3 fiber-mediated synaptic input to the 
substantia gelatinosa of the adult rat spinal cord. 
J Neurosci 19:859-867. 

Bauer D, Miiller H, Reich J, Riedel H, Ahrenkiel V, 
20 Warthoe P & Strauss M (1993) : Identification of 

differentially expressed mRNA species by an improved 
display technique (DDRT-PCR) Nucl Acids Res 21:4272-4280. 

Bonini A, Anderson SM, Steiner DF (1997) Molecular cloning 
25 and tissue expression of a novel orphan G Protein-coupled 
receptor from rat lung. Biochem Biophys Res Comm 234:190- 
193. 



30 



Chih-Cheng et al . , (1995): A P2X prinoceptor expressed by a 
subset of sensory neurons. Nature 377:428-432. 



68 



Corderre TJ, Katz J, Vaccarino AL, Melzack R (1993) : 
Contribution of central plasticity to pathological pain: 
review of clinical and experimental evidence. Pain 52:259- 
285. 

5 

Dickenson (1995) Novel pharmacological targets in the 
treatment of pain. Pain Rev., 2, 1-12. 

Dubuisson et al . , 1997 Pain, 4:161-174. 

10 

Feng Y & Gregor P (1997) Cloning of a novel member of the G 
protein-coupled receptor family related to peptide 
receptors. Biochem Biophys Res Comm 231:651-654. 

15 Furukawa T, Yang Y, Nakamoto B, Stamatoyannopoulos G, 
Papayannopoulou T (1996): Identification of new genes 
expressed in a human erythroleukemia cell line. Bloods 
Cell Mol & Dis 22:11-22. 

20 Gunasekar PG, Kanthasamy, AG, Borowitz JL, Isom GE 1995: 

NMDA receptor activation produces concurrent generation of 
nitric oxide and reactive oxygen species: implication for 
cell death. J Neurochem 65:2016-2021. 

25 Hawes BE, Fried S, Yao X, Weig B, Graziano MP 1998: 

Nociceptin (ORL1) and p-opioid receptors mediate mitogen- 
activated protein kinase activation in CHO cells through a 
Gi-coupled signaling pathway: evidence for distinct 
mechanisms of agonist-mediated desensitization . 

30 J Neurochem 71:1024-1033. 



69 



Hubank M & Schatz DG (1994): Identifying differences in 
mRNA expression by representational difference analysis of 
cDNA . Nucl Acids Res 22:5640-564 8. 

5 Klufimann S et al . , 1996: Nature Biotechnology 14:1112-1115. 

Li L-Y & Chang K-J 1996: The stimulatory effect of opioids 
on mitogen-activated protein kinase in Chinese hamster 
ovary cells transfected to express ja-opioid receptors. 
10 Mol Pharm 50:599-602. 

Lian P & Pardee AB 1992: Differential display of eukaryotic 
messenger RNA by means of the polymerase chain reaction. 
Science 257:967-971. 

15 

Methner A, Hermey G, Schinke B, Hermanns-Borgmeyer I 
(1997): A novel G Protein-coupled receptor with homology to 
neuropeptide and chemoattractant receptors expressed during 
bone development. Biochem Biophys Res Comm 233:336-342. 

20 

Mohit AA, Martin JH & Miller CA 1995: p493F12 kinase: a 
novel MAP kinase expressed in a subset of neurons in the 
human nervous system. Neuron 14:67-78. 

25 Poirier GM-C, Pyati J, Wan JS, Erlander MG 1997: Screening 
differentially expressed cDNA clones obtained by 
differential display using amplified RNA. Nucleic Acids 
Research 25:913-914. 

30 Sambrook J, Fritsch EF & Maniatis T 1989: Molecular 

Cloning: A Laboratory Manual. Second Edition. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor. 



70 

Sompayrac L, Jane S, Burn TC, Tenen DG & Danna KJ 1995: 
Overcoming limitations of the mRNA differential display 
technique. Nucleic Acids Research 23:4738-4739. 

5 Tal M 1996: A novel antioxidant alleviates heat 
hyperalgesia in rats with an experimental painful 
neuropathy. Neurreport 7 : 1382-1384 . 

Tolle TR (1997): Chronischer Schmerz. In: Klinische 
10 Neurobiologie [Chronic Pain. In: Clinical Neurobiology], 
Herdergen T. Tolle TR, Bahr M (eds.) : p. 307-336; Spektrum 
Verlag, Heidelberg . 

U.S. Patent 5.262.311 

15 

Velculescu VE, Zhang L, Vogelstein B, Kinzler KW (1995) : 
Serial analysis of gene expression. Science 270:484-487. 

Wan JS, Sharp JS et al. (1996): Cloning differentially 
20 expressed mRNAs . Nature Biotech 14:1685-1691. 

Watson JB & Margulies JE (1993) Differential cDNA screening 
strategies to identify novel stage-specific proteins in the 
developing mammalian brain. Dev Neurosci 15:77-86. 

25 

Wilks AF (1989) Two putative protein- tyrosine kinases 
identified by application of the polymerase chain reaction. 
Poc Natl Acad Sci USA 8 6:1603-1607. 



30 



W096/34288 



71 



Woolf CJ, Shortland P, Coggeshall RE 1992: Peripheral nerve 
injury triggers central sprouting of myelinated afferents. 
Nature 355:75-78. 

5 Zimmermann, M & Herdegen, T (1996) : Plasticity of the 
nervous system at the systemic, cellular and molecular 
levels: a mechanism of chronic pain and hyperalgesia. Progr 
Brain Res 110:233-259. 



Patent: claims 



1. Method for detecting pain-regulating substances with 

the following process steps: 

(a) incubation under suitable conditions of a 
substance to be tested with the protein BNPI or 
DNPI and/or a protein according to one of figures 
lb), Id), If), 2b) or 2d) and/or a protein which 
is similar to one of these abovementioned proteins 
to the extent of at least 90% and/or a protein for 
which a polynucleotide according to one of figures 
la) , lc) , le) , 2a) or 2c) or a polynucleotide 
which is similar thereto to the extent of at least 
90% codes, and/or a protein which is coded by a 
nucleic acid which bind under stringent conditions 
to a polynucleotide according to one of figures 
la) , lc) , le) , 2a) or 2c) or antisense 
polynucleotides thereof, or a part protein of one 
of the abovementioned proteins which is at least 
10, preferably at least 15, in particular at least 
20 amino acids long and/or a cell and/or a 
preparation from such a cell which has synthesized 
at least one of the abovementioned proteins and 
part proteins, 

(b) measurement of the binding of the test substance 
to the protein or part protein synthesized by the 
cell or measurement of at least one of the 
functional parameters modified by the binding of 
the test substance to the protein or part protein. 
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2. Method according to claim 1, characterized in that 

the cell is manipulated by genetic engineering before 
step (a) . 

5 3. Method according to claim 2, characterized in that 

the manipulation by genetic engineering allows the 
measurement of at least one functional parameter 
modified by the test substance. 

10 4. Method according to claim 3, characterized in that, 

by the manipulation by genetic engineering, a form of 
a G protein which is not expressed endogenously in the 
cell is expressed or a reporter gene is introduced. 

15 5. Method according to one of claims 2-4, characterized 

in that the cell is manipulated by genetic engineering 
such that the cell contains at least one 
polynucleotide according to one of figures la) , lc) , 
le) , 2a) or 2c) or a polynucleotide which is similar 

20 thereto to the extent of at least 90%. 

6. Method according to claim 5, characterized in that 
the polynucleotide is contained in a recombinant DNA 
construct . 

25 

7. Method according to one of claims 2 to 6, 
characterized in that after the manipulation by 
genetic engineering according to claim 2 and before 
step (a) according to claim 1, the cell is cultured 

30 under conditions which allow an expression, optionally 

under selection pressure. 



Method according to one of claims 1 to 7, 
characterized in that the cell is an amphibia cell, 
bacteria cell, yeast cell, insect cell or an 
immortalized or native mammalian cell. 



Method according to one of claims 1 to 8, 
characterized in that the measurement of the binding 
is carried out via the displacement of a known 
labelled ligand of the part protein or protein and/or 
via the activity bound thereto from a labelled test 
substance . 



Method according to one of claims 1 to 8, 
characterized in that the measurement of at least one 
of the functional parameters modified by the test 
substance is carried out via measurement of the 
regulation, inhibition and/or activation of receptors 
ion channels and/or enzymes, in particular via 
measurement of the modification of the gene 
expression, the ionic medium, the pH or the membrane 
potential, via modification of the enzyme activity or 
the concentration of the 2nd messenger. 



Method according to one of claims 1 to 10, 
characterized in that the pain regulated by the 
substance to be detected is chosen from: 



chronic pain, in particular musculoskeletal pain 
neuropathic pain, in particular allodynic pain, 
mechanical hyperalgesia or diabetic neuropathy; 
visceral pain, cerebral pain, peripheral pain or 
inflammation-related pain, in particular 



peripheral inflammation pain; and migraine, 
cluster headache or pain with trigeminus 
neuralgia . 

Compound identifiable as a pain-regulating substance 
by a method according to one of claims 1 to 11. 

Compound according to claim 12, characterized in that 
it is a low molecular weight compound. 

Use of 

a. a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to 
the extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one 
of the nucleotide sequences shown in figures 
la), lc) , le) , 2a), 2c) or 2e) , 

b. a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme 
or ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding 
specifically to one of the polynucleotides 
listed under point a) , 

c. a vector containing a polynucleotide according 
to one of points a) or b) , in particular an 
expression vector and/or in particular derived 
from a virus, for example the adenovirus, adeno- 
associated virus or herpes virus, and/or in 



particular containing at least one LTR, poly A, 
promoter and/or ORI sequence, 

BNPI or DNPI and/or a protein according to one 
of figures lb) , Id) , If) , 2b) or 2d) and/or a 
protein which is similar to one of these 
abovementioned proteins to the extent of at 
least 90% and/or a protein for which a 
polynucleotide according to one of figures la) , 
lc) , le) , 2a) or 2c) or a polynucleotide which 
is similar thereto to the extent of at least 90% 
codes, and/or a protein which is coded by a 
nucleic acid which binds under stringent 
conditions to a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or 
antisense polynucleotides thereof or a part 
protein of one of the abovementioned proteins 
which is at least 10, preferably at least 15, in 
particular at least 20 amino acids long, wherein 
the protein or part protein has been optionally 
post-translationally modified, in particular 
glycosylated, phosphor y la ted, amidated, 
methylated, ace ty la ted, ADP-ribosylated, 
hydroxylated, provided with a membrane anchor, 
cleaved or shortened, 

an antibody, preferably a monoclonal or 
polyclonal antibody, against one of the proteins 
or part proteins according to point d) , 
a cell, preferably an amphibia cell, bacteria 
cell, yeast cell, insect cell or an immortalized 
or native mammalian cell, containing a 
polynucleotide according to one of points a) or 
b) , a vector according to point c) , a protein or 



part protein according to point d) or an 
antibody according to point e) 

g. a compound according to one of claims 12 or 13 
and/or 

h. an active compound, preferably a low molecular 
weight active compound, which binds to a protein 
or part protein according to point a) , 

for the preparation of a medicament for treatment of 
pain . 

Use of 

a. a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to 
the extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one 
of the nucleotide sequences shown in figures 
la), lc) , le) , 2a), 2c) or 2e) , 

b. a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme 
or ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding 
specifically to one of the polynucleotides 
listed under point a) , 

c. a vector containing a polynucleotide according 
to one of points a) or b) , in particular an 
expression vector and/or in particular derived 
from a virus, for example the adenovirus, 
adeno-associated virus or herpes virus, and/or 
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in particular containing at least one LTR, poly 
A, promoter and/or ORI sequence, 
f. a cell, preferably an amphibia cell, bacteria 

cell, yeast cell, insect cell or an immortalized 
or native mammalian cell, containing a 
polynucleotide according to one of points a) or 
b) or a vector according to point c) 

for the preparation of a medicament for use in gene 
therapy . 

Use according to claim 15, characterized in that the 
gene therapy is in vivo or in vitro gene therapy. 

Use according to one of claims 15 or 16, 
characterized in that the medicament is a medicament 
for treatment of pain. 

Use of 

a. a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to 
the extent of at least 90%, preferably 95%, in 
particular to the extent of at least 97%, to one 
of the nucleotide sequences shown in figures 
la), lc), le), 2a), 2c) or 2e), 

b. a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme 
or ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide 
sequence which is capable of binding 



specifically to one of the polynucleotides 
listed under point a), 

a vector containing a polynucleotide according 
to one of points a) or b) , in particular an 
expression vector and/or in particular derived 
from a virus, for example the adenovirus, adeno- 
associated virus or herpes virus, and/or in 
particular containing at least one LTR, poly A, 
promoter and/or ORI sequence, 

BNPI or DNPI and/or a protein according to one 
of figures lb) , Id) , If) , 2b) or 2d) and/or a 
protein which is similar to one of these 
abovementioned proteins to the extent of at 
least 90% and/or a protein for which a 
polynucleotide according to one of figures la) , 
1c) , le) , 2a) or 2c) or a polynucleotide which 
is similar thereto to the extent of at least 90% 
codes, and/or a protein which is coded by a 
nucleic acid which binds under stringent 
conditions to a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or 
antisense polynucleotides thereof or a part 
protein of one of the abovementioned proteins 
which is at least 10, preferably at least 15, in 
particular at least 20 amino acids long, wherein 
the protein or part protein has been optionally 
post-translationally modified, in particular 
glycosylated, phosphor y la ted, amidated, 
methylated, acetyl a ted, ADP-ribosylated, 
hydroxylated, provided with a membrane anchor, 
cleaved or shortened, 
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e. an antibody, preferably a monoclonal or 
polyclonal antibody, against one of the proteins 
or part proteins according to point d) , 

f. a cell, preferably an amphibia cell, bacteria 
cell, yeast cell, insect cell or an immortalized 
or native mammalian cell, containing a 
polynucleotide according to one of points a) or 
b) , a vector according to point c) , a protein or 
part protein according to point d) or an 
antibody according to point e) 

g. a compound according to one of claims 12 or 13 
and/or 

h. an active compound, preferably a low molecular 
weight active compound, which binds to a protein 
or part protein according to point a) , 

for the preparation of a diagnostic agent for 
diagnosis of a pain state. 

Use of 

a polynucleotide, preferably a DNA or RNA, which 
codes for BNPI or DNPI or a polynucleotide, 
preferably a DNA or RNA, which corresponds to the 
extent of at least 90%, preferably 95%, in particular 
to the extent of at least 97%, to one of the 
nucleotide sequences shown in figures la) , lc) , le) , 
2a) , 2c) or 2e) , 

a polynucleotide, in particular an antisense 
polynucleotide or a PNA, preferably a DNA enzyme or 
ribozyme, a ribozyme or other DNA enzyme or a 
catalytic RNA or DNA, which has a nucleotide sequence 
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which is capable of binding specifically to one of 
the polynucleotides listed under point a) , 
a vector containing a polynucleotide according to one 
of points a) or b) , in particular an expression 
vector and/or in particular derived from a virus, for 
example the adenovirus, adeno-associated virus or 
herpes virus, and/or in particular containing at 
least one LTR, poly A, promoter and/or ORI sequence, 
BNPI or DNPI and/or a protein according to one of 
figures lb) , Id) , If) , 2b) or 2d) and/or a protein 
which is similar to one of these abovement ioned 
proteins to the extent of at least 90% and/or a 
protein for which a polynucleotide according to one 
of figures la) , lc) , le) , 2a) or 2c) or a 
polynucleotide which is similar thereto to the extent 
of at least 90% codes, and/or a protein which is 
coded by a nucleic acid which binds under stringent 
conditions to a polynucleotide according to one of 
figures la) , lc) , le) , 2a) or 2c) or antisense 
polynucleotides thereof or a part protein of one of 
the abovementioned proteins which is at least 10, 
preferably at least 15, in particular at least 20 
amino acids long, wherein the protein or part protein 
has been optionally post-translationally modified, in 
particular glycosylated, phosphorylated, amidated, 
methylated, ace ty la ted, ADP-r ibosylated, 
hydroxylated, provided with a membrane anchor, 
cleaved or shortened, 

an antibody, preferably a monoclonal or polyclonal 
antibody, against one of the proteins or part 
proteins according to point d) , 
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a cell, preferably an amphibia cell, bacteria cell, 
yeast cell, insect cell or an immortalized or native 
mammalian cell , containing a polynucleotide accordin 
to one of points a) or b) , a vector according to 
point c) , a protein or part protein according to 
point d) or an antibody according to point e ) 

in a method for detecting pain-regulating substances. 

Use according to one of claims 14, 17, 18 or 19, 
characterized in that the pain is chosen from 

chronic pain, in particular musculoskeletal pain 
neuropathic pain, in particular allodynic pain, 
mechanical hyperalgesia or diabetic neuropathy; 
visceral pain, cerebral pain, peripheral pain or 
inflammation-related pain, in particular 
peripheral inflammation pain; and migraine, 
cluster headache or pain with trigeminus 
neuralgia . 
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Abstract 

The invention relates to a method for detecting pain- 
regulating substances using BNPI and/or DNPI and the use of 
5 compounds thereby identified, active compounds which bind 
to BNPI and/or DNPI, antibodies directed against BNPI 
and/or DNPI, of antisense nucleotides against BNPI and/or 
DNPI, or of BNPI and/or DNPI or part proteins thereof, and 
corresponding polynucleotides for medicaments for pain 
10 therapy and diagnostic agents. 



Fig. 1a) 



ccggcggcag gagccgccac catggagttc 
cgtgctctcg ggaagctgca ccgccttctg 
gagctgagtg cggatgggcg cccggtgacc 
tgcacctgct tcggcctccc tcgccgctac 
tgcatcagct ttggcatccg ctgcaacctg 
agcacgaccc accgcggggg ccacgtggtg 
gagactgtcg gcctcataca cggctccttt 
ggaggattta tctgtcaaaa atttgcagcc 
acatccactc taaacatgct gatcccctca 
ttcgtgagga tcctgcaggg gttggtagag 
tggagcaaat gggccccacc cttagaacgg 
tcctatgctg gggcggtggt cgcgatgccc 
tggagctctg ttttctacgt ctacggcagc 
ctcgtctcct acgagtcccc cgcgctgcac 
atcgaggacg ccatcggaga gagcgcgaaa 
ccctggcggc gcttcttcac gtctatgcca 
cgcagctgga cgttctacct gctgctcatc 
ggcttcgaga tcagcaaggt aggcctggtg 
atcgtgccca tcggcggcca gatcgcggac 
accaacgtgc gcaagttgat gaactgcgga 
gtggtcggct actcgcactc caagggcgtg 
ttcagcggct tcgccatctc tgggttcaac 
gccagcatcc tcatgggcat ctccaacggc 
atcatcgtgg gggccatgac taagcacaag 
attgcctccc tggtgcacta tggaggtgtc 
aagcagccgt gggcagagcc tgaggagatg 
gaccagctgg ctggcagtga cgacagcgaa 
ccccctgcac ccccgccctc ctatggggcc 
ccaccccctg tccgggacta ctgaccatgt 
tccattccac tcatctctgg cctgagtgac 
tgcctcaggc ctaagaagca ctctcccttg 
ccaattgcct ctcaggggta gtgaagctgc 
ccctaaaggt tccctctcca cccgttctgc 
ctttatttga atggacagtt cgacctctta 
cccccgcttt cctttatctc cagggactct 
atctcctttc agaaaaattc aaggtcctcc 
ttctgcatct tccagattgg tttaaccaat 
ctcaccagcg tttctgatgg aaaatggcgg 
catctcccct accagcagat tctgcgaaag 
agcttagcat aatgtctggg gaaaca 



cgccaggagg agtttcggaa gctagcgggt 60 
gagaagcggc aggaaggcgc ggagacgctg 120 
acgcagaccc gggacccgcc ggtggtggac 180 
attatcgcca tcatgagtgg tctgggcttc 240 
ggcgtggcca tcgtctccat ggtcaataac 3 00 
gtgcagaaag cccagttcag ctgggatcca 3 60 
ttctggggct acattgtcac tcagattcca 420 
aacagagttt tcggctttgc tattgtggca 480 
gctgcccgcg tccactatgg ctgtgtcatc 540 
ggggtcacat accccgcctg ccatgggatc 600 
agtcgcctgg cgacgacagc cttttgtggt 660 
ctcgccgggg tccttgtgca gtactcagga 720 
ttcgggatct tctggtacct gttctggctg 780 
cccagcatct cggaggagga gcgcaagtac 840 
ctcatgaacc ccctcacgaa gtttagcact 900 
gtctatgcca tcatcgtggc caacttctgc 960 
tcccagcccg cctacttcga agaagtgttc 1020 
tccgcgctgc cccacctggt catgaccatc 1080 
ttcctgcgga gccgccgcat catgtccacc 1140 
ggcttcggca tggaagccac gctgctgttg 1200 
gccatctcct tcctggtcct agccgtgggc 1260 
gtgaaccacc tggacatagc cccgcgctac 13 2 0 
gtgggcacac tgtcgggcat ggtgtgcccc 13 80 
actcgggagg agtggcagta cgtgttccta 1440 
atcttctacg gggtctttgc ttctggagag 1500 
agcgaggaga agtgtggctt cgttggccat 1560 
atggaggatg aggctgagcc cccgggggca 1620 
acacacagca catttcagcc ccccaggccc 1680 
gcctcccact gaatggcagt ttccaggacc 1740 
agtgtcaagg aaccctgctc ctctctgtcc 1800 
ttcccagtgc tgtcaaatcc tctttccttc 1860 
agactgacag tttcaaggat acccaaattc 1920 
ctcagtggtt tcaaatctct cctttcaggg 198 0 
ctctctcttg tggttttgag gcacccacac 2040 
caggctaacc tttgagatca ctcagctccc 2100 
tctagaagtt tcaaatctct cccaactctg 2160 
tactcgtccc cgccattcca gggattgatt 2220 
tttcaagtcc ccgattccgt gcccacttca 2280 
caccaaattt ctcaagaccc tcttctccct 2340 



Fig. 1b) 



1 MEFRQEEFRK LAGRALGKLH RLLEKRQEGA ETLELSADGR PVTTQTRDPP 
51 WDCTCFGLP RRYIIAIMSG LGFCISFGIR CNLGVAIVSM VNNSTTHRGG 
101 HVWQKAQFS WDPETVGLIH GSFFWGYIVT QIPGGFICQK FAANRVFGFA 
151 IVATSTLNML I PSAARVHYG CVIFVRILQG LVEGVTYPAC HGIWSKWAPP 

2 01 LERSRLATTA FCGSYAGAW AMPLAGVLVQ YSGWSSVFYV YGSFGIFWYL 
251 FWLLVSYESP ALHPSISEEE RKYIEDAIGE SAKLMNPLTK FSTPWRRFFT 

3 01 SMPVYAIIVA NFCRSWTFYL LLISQPAYFE EVFGFEISKV GLVSALPHLV 
351 MTIIVPIGGQ IADFLRSRRI MSTTNVRKLM NCGGFGMEAT LLLWGYSHS 
401 KGVAISFLVL AVGFSGFAIS GFNVNHLDIA PRYASILMGI SNGVGTLSGM 

4 51 VCPIIVGAMT KHKTREEWQY VFLIASLVHY GGVIFYGVFA SGEKQPWAEP 
501 EEMSEEKCGF VGHDQLAGSD DSEMEDEAEP PGAPPAPPPS YGATHSTFQP 
551 PRPPPPVRDY 



Fig. 1c) 



cgataagctt gatatcgaat tccggactct 
catcccgcag cgccagttct gcttaccaaa 
ccggctccac gccagcgagc cgggcttctt 
tcgtttcggc cccaagacct ctaatcattc 
tgcgtcgggt ctgcgagagc gccagctatc 
tagatggttc gattagtctt tcgcccctat 
ggaccgctac ggacctccac cagagtttcc 
9999gg ac cc gcggggtgac cggcggcagg 
gtttcggaag ctagcgggtc gtgctctcgg 
ggaaggcgcg gagacgctgg agctgagtgc 
ggacccgccg gtggtggact gcacctgctt 
catgagtggt ctgggcttct gcatcagctt 
cgtctccatg gtcaataaca gcacgaccca 
ccagttcagc tgggatccag agactgtcgg 
cattgtcact cagattccag gaggatttat 
cggctttgct attgtggcaa catccactct 
ccactatggc tgtgtcatct tcgtgaggat 
ccccgcctgc catgggatct ggagcaaatg 
gacgacagcc ttttgtggtt cctatgctgg 
ccttgtgcag tactcaggat ggagctctgt 
ctggtacctg ttctggctgc tcgtctccta 
ggaggaggag cgcaagtaca tcgaggacgc 
cctcacgaag tttagcactc cctggcggcg 
catcgtggcc aacttctgcc gcagctggac 
ctacttcgaa gaagtgttcg gcttcgagat 
ccacctggtc atgaccatca tcgtgcccat 
ccgccgcatc atgtccacca ccaacgtgcg 
ggaagccacg ctgctgttgg tggtcggcta 
cctggtccta gccgtgggct tcagcggctt 
ggacatagcc ccgcgctacg ccagcatcct 
gtcgggcatg gtgtgcccca tcatcgtggg 
gtggcagtac gtgttcctaa ttgcctccct 
ggtctttgct tctggagaga agcagccgtg 
gtgtggcttc gttggccatg accagctggc 
ggctgagccc ccgggggcac cccctgcacc 
atttcagccc cccaggcccc caccccctgt 
aatggcagtt tccaggacct ccattccact 
accctgctcc tctctgtcct gcctcaggcc 
gtcaaatcct ctttccttcc caattgcctc 
ttcaaggata cccaaattcc cctaaaggtt 
caaatctctc ctttcagggc tttatttgaa 
ggttttgagg cacccacacc ccccgctttc 
ttgagatcac tcagctccca tctcctttca 
caaatctctc ccaactctgt tctgcatctt 
gccattccag ggattgattc tcaccagcgt 
gcccggggga tccact 



tgctcgggcg ccttaacccg gcgttcggtt 60 
agtggcccac taggcactcg cattccacgc 120 
acccatttaa agtttgagaa taggttgaga 180 
gctttaccgg ataaaactgc gtggcggggg 240 
ctgagggaaa cttcggaggg aaccagctac 300 
acccaggtcg gacgaccgat ttgcacgtca 360 
tctggcttcg ccctgcccag gcgatcggcg 420 
agccgccacc atggagttcc gccaggagga 480 
gaagctgcac cgccttctgg agaagcggca 540 
ggatgggcgc ccggtgacca cgcagacccg 600 
cggcctccct cgccgctaca ttatcgccat 660 
tggcatccgc tgcaacctgg gcgtggccat 720 
ccgcgggggc cacgtggtgg tgcagaaagc 780 
cctcatacac ggctcctttt tctggggcta 840 
ctgtcaaaaa tttgcagcca acagagtttt 900 
aaacatgctg atcccctcag ctgcccgcgt 960 
cctgcagggg ttggtagagg gggtcacata 102 0 
ggccccaccc ttagaacgga gtcgcctggc 108 0 
ggcggtggtc gcgatgcccc tcgccggggt 114 0 
tttctacgtc tacggcagct tcgggatctt 12 0 0 
cgagtccccc gcgctgcacc ccagcatctc 1260 
catcggagag agcgcgaaac tcatgaaccc 132 0 
cttcttcacg tctatgccag tctatgccat 1380 
gttctacctg ctgctcatct cccagcccga 1440 
cagcaaggta ggcctggtgt ccgcgctgcc 15 0 0 
cggcggccag atcgcggact tcctgcggag 1560 
caagttgatg aactgcggag gcttcggcat 162 0 
ctcgcactcc aagggcgtgg ccatctcctt 1680 
cgccatctct gggttcaacg tgaaccacct 1740 
catgggcatc tccaacggcg tgggcacact 1800 
ggccatgact aagcacaaga ctcgggagga 1860 
ggtgcactat ggaggtgtca tcttctacgg 1920 
ggcagagcct gaggagatga gcgaggagaa 1980 
tggcagtgac gacagcgaaa tggaggatga 2 04 0 
cccgccctcc tatggggcca cacacagcac 2100 
ccgggactac tgaccatgtg cctcccactg 2160 
catctctggc ctgagtgaca gtgtcaagga 2220 
taagaagcac tctcccttgt tcccagtgct 2280 
tcaggggtag tgaagctgca gactgacagt 2340 
ccctctccac ccgttctgcc tcagtggttt 2400 
tggacagttc gacctcttac tctctcttgt 2460 
ctttatctcc agggactctc aggctaacct 2520 
gaaaaattca aggtcctcct ctagaagttt 2580 
ccagattggt ttaaccaatt actcgtcccc 2640 
ttctgatgga aaatggcggg aattcctgca 2700 

2716 



Fig. 1d> 

1 MEFRQEEFRK LAGRAL.GKLH RLLEKRQEGA ETLELSADGR PVTTQTRDPP 
51 WDCTCFGLP RRYIIAIMSG LGFCISFGIR CNLGVAIVSM VNNSTTHRGG 
101 HVWQKAQFS WDPETVGLIH GSFFWGYIVT QIPGGFICQK FAANRVFGFA 
151 IVATSTLNML IPSAARVHYG CVIFVRILQG LVEGVTYPAC HGIWSKWAPP 

2 01 LERSRLATTA FCGSYAGAW AMPLAGVLVQ YSGWSSVFYV YGSFGIFWYL 
251 FWLLVSYESP ALHPSISEEE RKYIEDAIGE SAKLMNPLTK FSTPWRRFFT 

3 01 SMPVYAIIVA NFCRSWTFYL LLISQPDYFE EVFGFEISKV GLVSALPHLV 
3 51 MTIIVPIGGQ IADFLRSRRI MSTTNVRKLM NCGGFGMEAT LLLWGYSHS 
401 KGVAISFLVL AVGFSGFAIS GFNVNHLDIA PRYASILMGI SNGVGTLSGM 
451 VCPIIVGAMT KHKTREEWQY VFLIASLVHY GGVIFYGVFA SGEKQPWAEP 
501 EEMSEEKCGF VGHDQLAGSD DSEMEDEAEP PGAPPAPPPS YGATHSTFQP 
551 PRPPPPVRDY 



Fig. 1e) 



gaattcggca cgagcggagc tgcggggccg 
gacgcggccg cccgggcccg cgggcggggg 
accatggagt tccggcagga ggagtttcgg 
caccggttac tggagaagcg gcaggaaggc 
cgcccagtga ccacacacac gcgggacccg 
cctcgccgct acatcatcgc gatcatgagc 
cgctgcaacc tgggcgtggc catcgtatcc 
ggccacgtgg tggtgcagaa agcccagttc 
catggcfccct ttttctgggg gtacattgtc 
aaattcgcag ccaacagggt ctttggcttt 
ttgatccctt cagcagcccg tgttcactat 
ggattggtgg agggggtcac ataccctgct 
cccttagaac ggagtcggct ggcgacgaca 
gttgccatgc ctctggctgg ggtcctggta 
gtctatggca gcttcgggat cttttggtac 
cctgcactac accccagcat ctccgaggag 
gaaagcgcca agctcatgaa ccctgttacg 
acctccatgc cggtctatgc catcattgtc 
ctgctcctca tctcccagcc cgcctacttt 
gtgggactgg tgtcggcact gcctcacctt 
cagatcgccg acttcctgcg cagtcgtcat 
atgaactgcg ggggtttcgg gatggaagct 
tccaagggcg tggccatctc cttcctggtc 
tctgggttta acgtgaacca cttggacatc 
atttccaatg gcgtgggcac actgtctggg 
accaagcaca agacgcggga ggagtggcag 
tatggaggtg tcatcttcta tggggtcttt 
ccggaggaga tgagcgagga gaagtgtggc 
gacgaaagtg aaatggaaga cgaggttgag 
tcctacgggg ccacacacag cacagttcag 
tactgaccac gtgcctccca ctggtgggca 
agcctaaacg gcagtgtcga ggaaccccac 
tcttcccttg tgcccagtgc tgtccgacca 
999gtgaagc tgcacactag cagtttcaag 



ggccgggccg gggcggaccc cgggatcccg 60 
gattggcagg ggacccgcgt gggcacagcc 12 0 
aagctggcgg ggcgcgccct ggggaggctg 180 
gcggagacat tggagctgag cgccgacggg 24 0 
ccggtggtgg actgcacttg ctttggcctc 300 
ggtctgggtt tctgcatcag ctttggcatc 360 
atggtcaaca acagtacaac ccaccgtggg 420 
aactgggatc cagagactgt cggcctcata 480 
actcagattc ctggaggatt tatctgccaa 54 0 
gccattgtgg ctacctccac cctaaatatg 600 
ggctgtgtca tcttcgtgag gatccttcag 660 
tgccatggca tctggagcaa atgggcccct 720 
gccttttgcg gttcctatgc cggggcagtg 780 
cagtattcag gatggagttc tgtcttctat 840 
ctgttctggt tgcttgtctc ctacgagtca 900 
gagcgcaaat acattgagga tgccatcgga 960 
aagtttaaca caccctggag gcgcttcttt 1020 
gccaactttt gccgcagctg gactttctac 1080 
gaagaagtgt tcggctttga gatcagcaag 114 0 
gtcatgacta tcatcgtacc catcggaggc 12 00 
ataatgtcca cgaccaatgt gcgaaagctg 12 60 
acgctgctgc tggtggtcgg atactcacac 1320 
ctggctgtgg gcttcagtgg ctttgctatc 1380 
gcccctcgat atgccagcat cttgatgggc 1440 
atggtgtgcc ccatcatcgt gggtgcaatg 15 00 
tacgtgttcc tcatagcctc cctggtgcac 1560 
gcttcgggag agaaacagcc gtgggcagag 1620 
tttgttggcc acgaccagct ggctggcagt 1680 
cccccggggg caccccccgc acctccgcct 1740 
cctccaaggc ccccaccccc tgtccgggac 1800 
gtttccagga cctccactcg atacacctct 1860 
tcctctcctg cctcaggctt aagatgcaag 1920 
gccctctctc cttctcaact gcctcttgca 1980 
ctcgtgccga attc 



Fig. if) 



1 MEFRQEBFRK LAGRALGRLH RLLEKRQEGA ETLELSADGR PVTTHTRDPP WDCTCFGLP 

51 RRYIIAIMSG LGFCISFGIR CNLGVAIVSM VNNSTTHRGG HWVQKAQFN WDPETVGLIH 

101 GSFFWGYIVT QIPGGFICQK FAANRVFGFA IVATSTLNML IPSAARVHYG CVIFVRILQG 

151 LVEGVTYPAC HGIWSKWAPP LERSRLATTA FCGSYAGAW AMPLAGVLVQ YSGWSSVFYV 

201 YGS FGIFWYL FWLLVSYESP ALHPSISEEE RKYIEDAIGE SAKLMNPVTK FNTPWRRFFT 

251 SMPVYAIIVA NFCRSWTFYL LL.ISQPAYFE EVFGFEISKV GLVSALPHLV MTIIVPIGGQ 

301 IADFLRSRHI MSTTNVRKLM NCGGFGMEAT LLLWGYSHS KGVAISFLVL AVGFSGFAIS 

351 GFNVNHLDIA PRYASILMGI SNGVGTLSGM VCPIIVGAMT KHKTREEWQY VFLIASLVHY 

401 GGVI FYGVFA SGEKQPWAEP EEMSEEKCGF VGHDQLAGSD ESEMEDEVEP PGAPPAPPPS 

451 YGATHSTVQP PRPPPPVRDY 



Fig. 2a) 



cgtttaaaag ccatcagatt tgagagcaat 
tttcagctga ccgacttcca ggaaaaggac 
tgcttgcgct ctttgccacc ggatactccc 
caactctcct attaggaaac ccgtgggttg 
cactctccct cccttctctc actctcactc 
gagaaggaaa agcccgcaac tactttaaga 
tcctagcaat cactatttaa atctggcaag 
ccgtaaaaca aaggattttg gccccaggaa 
cactcggcca gatctacagg gtgctggaga 
tgacggagga tgggaagccc ctagaggtgc 
cgtgcttcgg cctgccccgc cgctacatta 
tctccttcgg tatccgctgc aacctgggcg 
ccatccaccg cgggggcaag gtcatcaagg 
ccgtggggat gatccacggt tccttctttt 
gctacatcgc gtctcggctg gcagccaaca 
ctaccctaaa tatgctaatt ccatcagcag 
tcagaatact gcagggactt gttgagggtg 
gcaaatgggc cccacctcta gagaggagta 
atgccggagc tgtgattgca atgcctttag 
cttcagtgtt ttatgtctac ggaagctttg 
tgtcttatga aagtcctgca aagcatccta 
aagaaagcat tggagagagt gcaaatcttt 
ggaggaagtt ttttacatcc atgccagtct 
gctggacttt ttatttattg cttattagtc 
ttgaaattag caaggttggt atgctatctg 
tgcctattgg gggacaaatt gcagattttc 
cagtgagaaa gatcatgaat tgtggtggtt 
ttggctattc tcatactaga ggggtagcaa 
gtggatttgc tatatctggt ttcaatgtta 
gtatcttaat gggcatttcg aatggtgttg 
ttgttggtgc aatgacaaag aataagtcac 
ctgccctagt ccactatggt ggagttatat 
aaccctgggc agacccggag gaaacaagtg 
aactcgatga agaaacaggg gacattactc 
cttatggtgc cacaacacag gccaatggag 
aatttgtaca aggagaagta caagactcac 
aacaaaacta attactggat ttatttttag 
aaaaatttta aaaacacgtg atgtaaactt 
taaaaatgaa aacaaaacaa acccatgagg 
aagttccatc atttccattc aagtcatcca 
gtcaaaattg tagaaacaag tagttaccca 
atttactaaa gcacaacatc tcatcctaca 
gcaaaatgca cttatatatt tgttacactg 
cgtcaagtag aggcgacatt tattaagfcga 
aagaaataca ttgtgaacta tcagctacaa 
aatgtgagat attttgttag tcctcaaaag 
ttgggcacaa acacttattt ctgtgaaaga 
ttcttccatc catttaccta atagtatgaa 
tcatgtagcg tatcacataa cttttttgca 
attttttatt acaactttgt actggttgta 
aaaccacaaa gaatctaata agaaatttat 
taagaacaaa gaaatagaaa atggtttaga 
atgaaacttg tgccacagag ctatatgtaa 
taagtaggta attttattat ttaaagtcct 



aagtcttcaa aaccgggaat ttacattgtt 60 
tcaaccgcat ctacccaaat accgtggcac 120 
cttccaatga gactttctga ttgtgtctac 180 
catgcagcta ttctgttgta ttctcattct 240 
ttgctggagg cgagccacta ccattctgct 300 
gattaagaca atatgcgcaa tcctcgcctt 360 
aactgacaac agtctttgca agaatggaat 420 
aagaggggct aaagaatttt gctggaaaat 480 
agaagcaaga caccggggag acaatcgagc 540 
ccgagaggaa ggcgccgctg tgcgactgca 600 
tcgccatcat gagcggcctg ggcttctgca 660 
tggccattgt ggacatggtc aacaacagca 720 
agaaagccaa attcaactgg gacccggaaa 78 0 
ggggctacat catcactcag attccgggag 84 0 
gggttttcgg agctgccata cttcttacct 900 
ccagagtgca ttatggatgt gtcatctttg 960 
tgacctaccc agcatgtcat gggatatgga 1020 
gactggcaac cacctccttt tgtggttcct 1080 
ctggcattct tgtgcagtac actggctggt 1140 
gaatggtctg gtacatgttt tggcttttgg 1200 
ctattacaga tgaagaacgt aggtacatag 1260 
taggtgcaat ggaaaaattc aagactccat 1320 
atgcaataat tgttgcaaac ttctgcagaa 13 80 
agccagcata ttttgaggaa gtctttggat 1440 
ctgtgccaca cttagtaatg acaafctattg 1500 
taagaagcaa gcagattctt tcaactacga 1560 
ttggcatgga agccacactg ctcctggtcg 1620 
tctcattctt ggtacttgca gtgggattca 1680 
accacttgga tatcgctcca agatatgcca 1740 
gcacattgtc aggaatggtt tgtcctatca 1800 
gtgaagagtg gcagtatgtc ttcctgatcg 1860 
tttatgcaat atttgcctca ggagagaaac 1920 
aagaaaaatg tggatttatt catgaagatg 1980 
aaaattatat aaattatggfc accaccaagt 2040 
gttggcctag tggttgggaa aagaaagagg 2100 
atagctataa ggaccgagtt gattattcat 2160 
tgtttgtgat taaattcatt gtgattgcac 2220 
gcaagcatat caaccaggca agtcttgctg 2280 
ttaccatcaa gtgcaatctg taaaattgtg 2340 
ttcttgcatt tgtgacttaa aggttgactg 2400 
ttggatfccat atgagctaaa actcatcact 2460 
aaagttaaga agccaaagct acttgatcat 2520 
tattgcaaga tagcacacag aagttggctg 2580 
aaatcatgga gttgggatat ctctcaatta 2640 
agttgtactg aataactatt agaattgcat 2700 
gaatatcttg cagtgttttc tatgaaatgc 2760 
gaacatgtaa gttgaggggt atgcttcatg 2820 
acagttcaca tttcaataaa atcaaacttt 28B0 
aaaaatataa aaagaaataa acttcaatgt 2940 
acttgcatta gaaaaaaaaa agagatatat 3000 
tatggagata tagcccttaa aatgcaatat 3060 
tatctttctt ccttcataat taaatactat 3120 
tatgaaaaga ttaacttcat agagatattg 3180 
attaagaaat atttgtctta aatatatagg 3240 



acaatacatt 
atacacagaa 
tgggttaggg 
gcattttgct 
caataagtgc 
ctgtttgggt 
tataatgtcc 
attttgtcta 
gctactgcaa 
agaaaaaaaa 
gttgtgttga 
atgctctatt 



atattaaaat 
acataataaa 
aattgcaatt 
tgtcatttct 
aatgcataaa 
ggttggaata 
taaaattatg 
ttctggatat 
atataaaacc 
aatacccttt 
atgaaaatat 
tatccttttt 



ggtctctctc 
caatcttcac 
tctactttca 
taatataact 
atttcctgtc 
attttatttt 
ataatacatt 
ttgatctgtt 
taaagtttgt 
gctttgtgcc 
gtggactgtc 
taaaaaaaaa 



tatatatatc 
acgaaaccaa 
tagagtcata 
caacaagaat 
tgtatattac 
tcttttaaaa 
tcccaattca 
taatgtactg 
ttaaaaaaat 
tcaaagtgat 
attttgttgc 
aaaaaaaaaa 



tgtatatctt 
aaatagcata 
gaattttagg 
tgcaacattt 
cttcattttg 
aagctaacat 
actcaaaata 
tgctagtgac 
gcaaatcatt 
gtaatgtgat 
agcaaaaaag 
aaaaaa 



atacatgtcc 
cacctaatgt 
tggggaagag 
gtgtaccaag 
cttgtagtag 
cagacccctt 
ttattggtgt 
tggaggccct 
ctttacctta 
cacagctttt 
tgttaataaa 



3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 



Fig. 2 b) 



1 MESVKQRILA PGKEGLKNFA GKSLGQIYRV LEKKQDTGET IELTEDGKPL EVPERKAPLC 

61 DCTCFGLPRR YIIAIMSGLG FCISFGIRCN LGVAI VDMVN NSTIHRGGKV IKEKAKFNWD 

121 PETVGMIHGS FFWGYIITQI PGGYIASRLA ANRVFGAAIL LTSTLNMLIP SAARVHYGCV 

181 IFVRILQGLV EGVTYPACHG IWSKWAPPLE RSRLATTSFC GSYAGAVIAM PLAGILVQYT 

241 GWSSVFYVYG SFGMVWYMFW LL.VSYESPAK HPTITDEERR YIEESIGESA NLLGAMEKFK 

3 01 TPWRKFFTSM PVYAIIVANF CRSWTFYLLL ISQPAYFEEV FGFEISKVGM LSAVPHLVMT 

3 61 IIVPIGGQIA DFLRSKQILS TTTVRKIMNC GGFGMEATLL LWGYSHTRG VAISFLVLAV 

421 GFSGFAISGF NVNHLDIAPR YASILMGISN GVGTLSGMVC PIIVGAMTKN KSREEWQYVF 

481 LIAALVHYGG VIFYAIFASG EKQPWADPEE TSEEKCGFIH EDELDEETGD ITQNYINYGT 

541 TKSYGATTQA NGGWPSGWEK KEEFVQGEVQ DSHSYKDRVD YS 



Fig. 2c) 



agacagtaag gttcttttgc 
atctgattaa aagacagcgg 
gtttttcggt gaggtgactt 
cactgcgcgc gccctcggcc 
taccaattct cctattagga 
tctcgctctc cctcccctct 
agaaaacgtt ctaccttaac 
acaatttaaa tctggtaagg 
aggattttgg ccccggggaa 
atctacaggg tgctggagaa 
ggcaagcccc tggaggtgcc 
ctgccgcgcc gctacatcat 
atccgctgta acctgggtgt 
ggtggcaaag ttatcaagga 
attcacgggt cgttcttctg 
tcgcgactgg ctgctaaccg 
atgctgatcc catctgcagc 
caaggacttg tggagggcgt 
cctcctttgg agaggagtag 
gtcattgcaa tgcccctagc 
tacgtatatg gaagctttgg 
agccccgcaa agcatccaac 
ggggagagcg caaatctgtt 
ttcacatcca tgcccgtcta 
tatttactgc tcatcagtca 
aaggttggca tgttgtctgc 
gggcaaattg cagactttct 
atcatgaact gcgggggttt 
catactagag gggtggccat 
atctctggtt tcaatgtgaa 
ggcatttcaa atggtgttgg 
atgacgaaga acaagtcccg 
cactatggtg gagtcatatt 
gaccctgagg aaacaagcga 
gaaacggggg acatcactca 
acctcacagg agaacggagg 
gaaagtgcgc aagacgcgta 
ttgctggatt cctttgtagt 
aagaaatgtg gtgtaaacat 
aataataata tgaattcaaa 
agtcacgtga cgccatttcc 
tcctgtagaa ataagtaggt 
acagttggca catgtcatcc 
tgcatttatt tatttattac 
catagtagaa ctggaaagat 
atggagtggc tatatctttt 
aattattact aggagtgcac 
agtgttttgt gaaacgcttg 
gaggagtatg ctccatgctc 
atgaaatcca acgtccatgt 
agaaatagac ttcaatgtat 
aaaaatgatt aatatatgta 
agcccttaaa atgcaatatt 



ttttttccct tacacaagga 
atttggttgc gttaagactt 
ccagaacggg gactcatcag 
accggatcct ccccttccaa 
aacccgtggg ctgaatgcag 
ccaactcaca gccttgctga 
ctattaagac tatgcgcaga 
ctggacacga gtctttacaa 
agaggggata aagaattttg 
gaagcaggat aaccgagaga 
tgagaagaag gctccgctat 
agccatcatg agcggcctcg 
ggccattgtg gacatggtca 
gaaagccaag tttaactggg 
gggctatatc atcacgcaga 
ggtctttggg gctgccatac 
cagagtgcat tatggatgcg 
cacctaccca gcctgtcacg 
gttggctacc acctccttct 
tggtatcctg gtgcagtaca 
tatggtctgg tatatgttct 
cataacagac gaagaacgta 
aggagcaatg gagaaattca 
tgcgataatt gttgcaaact 
accagcttat ttcgaggagg 
ggtcccacac ctggtcatga 
aaggagcaag caaattcttt 
tggcatggaa gccacactgc 
ctccttcttg gtgcttgcag 
ccacttggat attgccccga 
cacgctgtcg ggaatggtct 
tgaagaatgg cagtatgtct 
ttatgcacta tttgcctcag 
agaaaagtgt ggcttcattc 
gaattacata aattacggta 
ctggcctaac ggctgggaga 
ctcctataag gaccgagatg 
gtttgtgatt aaattaattg 
gtaaacacat caaccaagca 
acagaccgtg agagtcccat 
attcaggcca ttcgtccttt 
attcgttgga tccatcacca 
tacggaagtt aggaagccaa 
actggactgc aaaatatccc 
ggctagattg ggtactgacg 
aattggagaa ctatattgta 
agtgtgtgat attttgtgat 
ggcacaaaca cttattttta 
tcccattcac tacctgacag 
aacatatcac atgacttttt 
tttttattac aactttgtac 
taatcgtaaa gaatctaata 
aacaacaaaa atatatagaa 



ttcgatgacg tttttggtca 60 
caaaaccggg aatttacgtt 120 
cacccgccca aataccacgg 180 
tgagactttg tgactgtgtg 240 
ctattccgtt gtactctctt 300 
aaagctcatc tctgctgaga 360 
actcgccttt catagccatc 420 
gaatggagtc ggtaaaacaa 48 0 
ctggaaaatc cctcggacag 540 
ccatcgagct gacagaggac 600 
gcgactgtac gtgcttcggc 660 
gcttctgcat ctcctttggt 720 
acaacagcac catccaccgg 780 
accccgagac tgtggggatg 840 
ttccgggcgg atacatcgca 900 
tgcttacctc taccctcaat 960 
tcatctttgt tagaatattg 1020 
ggatatggag caagtgggcc 1080 
gtggttccta tgctggagca 1140 
ctggatggtc ttcagtattt 1200 
ggcttctggt gtcttacgag 1260 
ggtacataga agagagcatc 1320 
agaccccatg gaggaagttt 1380 
tctgcaggag ttggactttt 1440 
tttttggatt tgaaatcagc 1500 
caatcattgt gcctatcggg 1560 
caacaactac agtgcgaaag 1620 
ttctggttgt tggctactct 1680 
tgggattcag tggatttgct 1740 
gatatgccag tatcttaatg 1800 
gcccgatcat tgttggtgca 1860 
tcctcatcgc tgcactggtc 1920 
gagagaagca accttgggca 1980 
atgaagatga actggatgaa 2040 
ccaccaaatc ctacggcgcc 2100 
aaaaggaaga atttgtgcaa 216 0 
attattcata acgaagctag 2220 
tgattgcaca aaatcatttt 22 80 
agtcttgctg ttcaaaaaat 23 4 0 
caagtgcaat ctgtggcggc 240 0 
tcgtttgtga tttaaaggtt 2460 
cgttagagag tacaactaca 252 0 
agctactgga ttatgtgaac 2580 
agggaaatcc tgtctagaga 2640 
ataatcattg tgtgtatatc 2700 
tagctagcaa aattgtactg 2760 
cttccaaaag cttatcttgc 2820 
tgaacaagag cttgtaaagg 288 0 
tatcaaacct tcacatttca 2940 
ttgcaaaaaa gaatataaga 3000 
tggttgtaac ttgcattagg 3060 
aaaatttact atgaagatat 312 0 
aatttagata atcttccttg 3180 
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cttgagtata 
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taatgttggg 
aaaaaaaaag 
atttgtgtac 
ctgcttgtgg 
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cctctctgct 
aaaagatgtg 
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actcacacca 
acgattttat 
tatattaaaa 
acaaatactt 
gcaatttcta 
cgtcatttct 
gtgcgaagca 
ttctttcttt 
gcacatccca 
tggtctgttt 
gaagtttgtt 
ttgtgtctcc 
aactgtcatt 
aa 



caaagctata 
gacctaatgt 
ttatatctac 
ttcacacaga 
ctttcataga 
taatataatt 
taaacctgct 
taaagaactt 
atttaacgca 
ggtgtcctgt 
tctaaatgca 
aagtactatc 
ttgttgctgc 
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cccatttaag 
atccctgtat 
accaaaaaca 
gtcatagaat 
aattcaacag 
gtgtgtaaac 
aacatcggag 
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aaagataaac 
aggtatttgt 
atcttataca 
agcatacacc 
tttagatggg 
gaactgcaac 
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tggtgtgttt 
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gaccttaaga 
aacccttgct 
ttaataaaat 
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